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ABSTRACT 


The  design  and  preliminary  testing  of  a microcomputer  based  flight 
monitor  and  data  recorder,  utilizing  magnetic  bubble  memory,  is  reported. 
Component  selection,  software  design  and  magnetic  bubble  storage  system 
construction  and  testing  are  discussed.  Difficulties  encountered,  both 
in  software  and  bubble  testing  are  reviewed,  with  results  and  remaining 
work  summarized. 

Magnetic  bubble  memory  technology  is  reviewed  and  its  potential 
as  a reliable,  dense,  low  cost,  non-volatile  recording  medium  is  noted. 

It  is  proposed  that  the  microprocessor  be  utilized  as  a flight  monitoring 
as  well  as  a recording  device  to  detect  and  report  imminent  "extremis" 
situations.  This  research  is  continuing  at  the  Naval  Postgraduate  School. 
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A.  BACKGROUND 

The  need  for  a light,  crash  survivable,  compact  data  recorder  for 
Naval  aircraft  is  well  established.  Information  which  identifies  the 
cause  of  the  loss  of  one  aircraft  can  often  point  to  a weakness  that  may 
affect  several  others.  Recognizing  this  formally,  the  Chief  of  Naval 
Operations  has  required  the  inclusion  of  crash  recorders  in  all  new 
Navy  aircraft. 

A crash  recorder  must  utilize  a recording  medium  that  is  non-volatile, 
as  the  data  may  not  be  recovered  for  weeks  or  months  after  being  recorded. 
Additionally,  if  the  recording  medium  is  reusable,  then  no  service  action 
is  required  to  install  the  new  recording  medium. 

In  the  past,  obstacles  to  the  solution  of  the  recording  problem  have 
included  the  cost,  the  reliability  of  mechanical  recorders,  the  size  and 
weight  of  any  system  proposed  for  a small  aircraft,  and  the  mass  memory 
size  required  when  implemented  by  a solid  state  system. 

Reference  [1]  demonstrated  that  by  ignoring  redundant  data,  or  "com- 
pressing" the  data,  one  can  reduce  the  size  of  the  required  memory  by 
25%-50%. 


Solid  state  non-volatile  data  storage  using  an  MNOS  (Metal  Nitride 
Oxide  Semiconductor)  module  was  demonstrated  in  Reference  [2].  Until 
recently  solid  state  non-volatile  memories  have  been  too  bulky.  Solid 
state  Magnetic  Bubble  Memory  (MBM)  overcomes  these  problems  by  offering 
a quantum  step  forward  in  size,  weight,  cost/bit  and  reliability.  By 
combining  the  processing  power  of  the  microcomputer  with  the  dense  memory 
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capacity  of  the  MBM,  a low  cost,  small  size,  highly  reliable  recording 
system  becomes  available  for  multipurpose  use. 


1 

I 


I 

Because  the  processing  speed  of  the  microcomputer  exceeds  what  is  j 

1 

needed  for  recording  data,  and  because  system  status  data  is  available, 

the  system  can  also  be  used  as  a flight  monitor  to  aid  the  pilot  in  ! 

making  critical  decisions. 

During  an  aircraft  launch,  approach,  or  combat  engagement,  decision 
time  is  critical.  Analysis  of  pertinent  factors  relating  to  take-off 
abort,  wave  off,  or  ejection  may  require  split  second  pilot  decisions.  I 

The  speed  and  power  of  the  microcomputer  can  be  used  to  monitor  the  air- 
craft state  and  greatly  assist  the  pilot  in  such  situations.  Utilizing 
the  same  equipment  and  data  as  the  recorder,  no  additional  cost  other 
than  software  is  incurred  for  a substantial  increase  in  capability. 

B.  THE  MONITOR/RECORDER  SYSTEM 

This  thesis  consists  of  the  system  design  and  construction  of  a 
development  prototype  microcomputer  monitor  and  data  recorder.  A non- 
volatile MBM  module  is  constructed  to  function  as  a remote  mass  memory 
through  appropriate  interface  circuitry.  The  memory  module  is  designed 
so  that  it  can  be  located  in  a survivable  airfoil,  and  thus  the  system 
can  function  as  a crash  recorder. 

The  present  system  utilizes  current  production  equipment  for  all 
components.  With  the  advent  of  single  chip  controllers  implementing 
CPU,  CLOCK,  EPROM/RAM  memory  and  I/O  functions  on  a single  chip,  future 
size  reductions  will  be  significant.  Future  system  design  centered 
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around  such  devices  utilizing  a single  400  cycle  power  supply  can 
incorporate  all  required  computer  functions,  except  input  bus  interface, 
within  2-3  chips.  Replacement  of  the  current  controller  board  and  MBM 
prototype  board  with  3-5  LSI  chips  as  these  modules  come  into  greater  use 
will  similarly  reduce  the  size  of  this  part  of  the  system.  Implementation 
of  the  complete  unit  on  a 5"  x 7"  circuit  board,  with  out  power  supply 
and  input  bus  interface,  is  a realistic  expectation  within  one  to  three 
years . 

Section  II  gives  an  overview  of  the  constructed  digital  data  recording 
system,  as  well  as  the  peripheral  equipment  interfaced  to  it  for  field. test 
and  modification. 

Section  III  discusses  interrupt  versus  status  checks  for  software  con- 
trol. Important  additional  capabilities  of  the  system,  with  recommendations 
for  future  implementation  are  also  discussed. 

Appendix  A discusses  bubble  memory  technology,  with  notes  relating 
to  some  of  its  critical  parameters.  The  developed  programs  are  listed 
in  Appendix  B.  Appendix  C contains  detailed  hardware  information,  sche- 
matics and  peripheral  systems  interface  information. 
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FIGURE  a.  SAFETY  HONITOR/DATA  RECORDER  SYSTEM 


II.  SYSTEM  DESCRIPTION 


A.  GENERAL 

The  microcomputer  monitor  and  data  recording  system  is  illustrated 
in  Figure  1 and  is  comprised  of  two  major  assemblies;  a general  purpose 
microcomputer  system  and  a remote  magnetic  bubble  memory  module.  Figure 
2 depicts  the  system  at  a block  level. 

As  depicted  in  Figure  2,  the  system  is  designed  to  receive  aircraft 
status  data  that  is  assumed  to  be  received  on  a MIL  STD  1553  data  bus. 

This  information  is  buffered  and  sent  to  the  general  purpose  microcomputer. 
The  microcomputer  analyzes  the  data,  compresses  it,  and  sends  the  com- 
pacted data  to  storage  in  the  magnetic  bubble  module. 

The  MBM  controller  receives  the  data  from  the  computer.  Here  it  is 
converted  to  serial  data  and  stored  in  the  bubble  memory.  The  MBM  module 
is  part  of  an  escape  capsule  that  is  designed  to  be  survivable  in  the 
event  of  aircraft  crash.  (Reference  E]  goes  into  greater  detail  in  this 
area.)  It  is  housed  with  a locater  beacon  to  facilitate  its  recovery. 

B.  MICROCOMPUTER  SYSTEM 

The  general  purpose  microcomputer  system  consists  of  an  Intel  80/20-4 
Single  Board  Computer  (SBC)  mounted  in  a rack  suitable  for  a total  of 
four  boards.  An  integral  DC  supply  provides  all  required  power  with  the 
exception  of  +17  volts.  This  deficiency  will  be  discussed  in  Appendix  C. 

An  ICOM  model  PP80  MDS/SBC  80/20-R  PROM  programmer  board  with  resident 
software  and  7K  of  expansion  EPROM  has  been  added  in  the  card  case  to 
provide  resident  program  modification  capability,  as  well  as  additional 
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program  storage.  The  third  board  in  the  cage  is  an  interface  board  to 
accomplish  all  electrical  interface  to  the  remote  magnetic  bubble  memory 
module.  There  is  room  for  one  more  board  in  the  card  cage.  It  is  anti- 
cipated that  the  MIL  STD  1553  data  bus  interface  would  go  on  this  in  the 
future. 

The  Intel  80/20-4  Single  Board  Computer  (SBC)  is  the  heart  of  the 
system.  The  System  80/20-4  Microcomputer  Hardware  Reference  Manual 
(Preliminary)  [Reference  (3)],  and  the  SBC  80/20-4  Single  Board  Computer 
Hardware  Reference  Manual  [Reference  (10)],  discuss  in  detail  the  many 
facets  of  its  operation.  Figures  3,  4,  and  5 illustrate  the  boards 
within  the  computing  system.  Figure  6 depicts  the  system  in  a detailed 
block  diagram,  as  configured  for  this  project. 

The  System  80/20  was  chosen  due  to  its  flexible  interrupt  structure, 
its  power  failure  warning  circuitry,  and  its  multi-master  bus  configuration. 
With  4K  bytes  of  resident  EPROM,  (2K  of  which  is  system  monitor),  7-8K 
bytes  of  expansion  EPROM  on  the  ICOM  board,  as  well  as  4K  bytes  of  resi- 
dent RAM,  there  are  no  effective  memory  limitations  imposed. 

The  system  is  set  up  to  operate  on  its  monitor  utilizing  automatic 
baud  rate  selection  to  an  RS-232  serial  interface.  A Texas  Instruments 
Silent  700  Terminal  was  obtained  and  modified  to  allow  portable  system 
operation.  Terminal  modification  and  wiring  are  indicated  in  Appendix  C. 

Field  test  and  software  modification  is  supported  by  the  ICOM  PROM 
programmer  and  Texas  Instruments  Silent  700  portable  terminal.  Program 
verification  and  alteration  are  immediately  available  to  allow  custom 
interface  or  software  alteration,  as  well  as  bubble  down-load  under 


jJ 


22 


tf f f f t« 


mmmf&imaimiim 


r 


1 


program  control  in  the  flight  or  post  flight  environment.  ICON  PROM 
programmer  operation  is  detailed  in  the  PROM  Programmer  Operations  Manual 
[Reference  (4)].  Terminal  operation  is  outlined  in  the  Silent  700  Model 
745  Terminal  Operating  Instructions  [Reference  (9)]. 

C.  MAGNETIC  BUBBLE  MODULE 

The  magnetic  bubble  memory  module  is  illustrated  in  Figure  7 and  con- 
sists of  two  cards,  housed  together  in  a separate  card  cage,  A forty- 
lead  flat  ribbon  signal  connector  and  a five-lead  power  cable  connect 
to  the  interface  board.  The  module  consists  of  a magnetic  bubble  controller 
card  and  a magnetic  bubble  driver/sense  amplifier  card.  Back-plane  connec- 
tions in  the  card  cage  transfer  all  required  signals  between  the  two  boards. 

Figures  9 and  11  are  detailed  block  diagrams  of  the  boards.  The  cards 
were  locally  built,  utilizing  first  design  printed  circuit  boards  and 
schematic  information  from  Texas  Instruments  (TI),  These  boards  interface 
the  TI  TBMOlOl  magnetic  bubble  chip  to  the  microcomputer  as  a TTL  compatible 
interface.  References  [5]  and  [6]  are  the  controller  and  bubble  board 
detailed  specification.  References  [7]  and  [8]  are  the  electrical  sche- 
matics and  parts  lists  for  each  board. 

1 . Magnetic  Bubble  Memory  Board 

The  Magnetic  Bubble  Memory  (MBM)  board  is  illustrated  in  Figure  8 
and  detailed  at  the  block  level  in  Figure  9.  Detailed  operation  is  out- 
lined in  Magnetic  Bubble  Memory  and  System  Interface  Circuits  (Reference 
[6]).  An  overview  of  MBM  board  operation  follows. 

Board  enable  (BDEN)  is  input  low,  producing  an  enable  to  the  coil 
field  drives,  transfer,  replicate,  generate,  and  annihilate  gates,  and  to 
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the  output  data  driver.  U7  and  U8  are  indirectly  controlled  via  U4  enable. 

Field  drive  signals  (CXA,  CXB,  CYA,  CYB)  are  input  to  Ul/BE  from 
the  controller  board  coil  drive  output  circuitry.  These  precisely  timed 
square  wave  pulses  are  applied  to  the  appropriate  coil  drives  and  cause 
triangular  current  output  pulses  from  the  field  drivers.  These  outputs 
are.  applied  to  the  X and  Y coil  drives  out  of  phase  to  produce  the  100  KHZ 
field  as  described  in  Reference  [6].  The  timing  of  these  field  drive 
signals  is  controlled  by  the  controller  board.  Only  level  conversion 
and  shaping  are  done  on  the  bubble  board. 

Monitoring  of  bubble  loop  position  is  accomplished  by  the  con- 
troller. It  assumes  the  bubble  is  started  from  a zero  page  reference 
and  as  such  it  must  be  allowed  to  return  to  this  zero  reference  prior  to 
shutdown  or  powerdown.  The  time  involved  to  return  the  loops  to  the  zero 
reference  can  vary  from  0 to  6.4  ms  depending  on  loop  positions  at  com- 
mencement of  shut  down. 

Chips  U2A  and  U2B  are  the  Transfer  gate  drivers.  U2A  and  U2B 
are  functionally  identical  and  drive  the  same  gates.  Timing  differences 
in  the  micro  sequence  from  the  controller  determine  whether  the  pulse  in 
the  transfer  loops  will  perform  a transfer  in  or  a transfer  out.  Chip 
U3A  contains  the  Replicate  driver,  while  USB  contains  the  Annihilate 
driver.  Again  these  two  chips  are  schematically  identical  and  drive  a 
common  gate.  The  difference  in  their  function  is  accomplished  via  timing. 
Along  with  U4A,  the  combination  of  Replicate,  Annihilate  and  Generate  accom- 
plish the  bubble  read/write  function.  The  chips  themselves  are  identical 
as  are  the  output  drive  transistors.  Control  signals  for  the  MBM  board 

i 
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are  received  as  inputs  from  the  Controller  board.  The  Timing  Function 
Generator  sequences  the  chips  to  accomplish  all  required  functions. 

Output  data  sensing  is  accomplished  via  U4B,  U7,  U8  and  the 
R/C  network.  When  an  analog  bubble  signal  is  sensed  in  the  detectors 
it  is  coupled  to  the  sense  amplifiers,  amplified  and  digitized  via  the 
clamp  signal.  The  sense  amplifier  output  is  applied  to  latch  U7  where 
it  is  strobed  to  the  output  driver,  U4B.  The  output  of  this  driver  is 
then  transferred  to  the  controller  as  digital  bubble  data. 

Reference  [6]  points  out  that  the  gates  in  the  bubble  memory 
chip  make  excellent  fuses  due  to  their  small  size.  Discussion  with  TI 
personnel  bears  this  out  as  a major  failure  area  For  this  reason  a 
resistive  equivalent  for  the  bubble  chip  elements  was  constructed  ^or  the 
testing  phase,  utilizing  specification  information  of  Reference  [6]. 

Prior  to  bubble  chip  insertion,  all  signals  should  be  verified  for  timing. 
In  particular,  the  polarity,  pulse  width,  and  duty  cycle  of  the  gate  drive 
waveforms  should  correspond  with  those  of  Reference  [6].  The  five  large 
wire  loops  are  for  final  verification  of  current  waveforms  prior  to  bubble 
chip  insertion,  and  for  verification  with  the  bubble  installed.  Utiliz- 
ing a current  probe,  the  circuit  waveforms  may  be  verified  at  the  bubble. 
At  test  completion  these  loops  may  be  reduced  to  straight  wire  runs  to 
the  bubble  chip,  for  a more  compact  design.  All  timing  waveforms  are 
referenced  with  respect  to  the  leading  (falling)  edge  of  CXB/,  Pin  18. 

This  signal,  input  as  an  external  sync,  set  for  negative  slope  trigger, 
will  be  required  for  proper  test  equipment  timing. 


2.  Controller  Board 

No  written  information  on  the  controller  board  was  available. 
Reference  [6]  suggests  a design  and  it  appears  the  board  was  modeled 
after  this.  The  board  is  centered  around  a TMS  9916  Magnetic  Bubble 
Memory  Controller.  Figure  9 illustrates  the  board  itself,  while  Figure 
11  is  the  block  diagram.  All  three  busses,  data,  address  and  control, 
are  used  as  inputs.  The  control  bus  is  made  up  of  five  signals;  reset, 
clock  (BCLK/),  power  fail  (PFWP/),  data  bus  in  (DBIN),  memory  enable 
(MEMEN)  and  Interrupt.  Hardware  reset  is  a low  level  signal  that  is 
tapped  directly  from  the  SBC  reset  signal.  It  performs  a full  reset 
of  the  controller  board  via  hardware.  SBC  BCLK/  was  selected  as  the 
external  clock  input  to  the  controller,  since  all  data  output  to  the 
master  bus  of  the  SBC  is  referenced  to  this  clock.  This  TTL  signal  is 
input  to  U23  and  U19  to  properly  sync  the  ready  and  read/write  operations 
between  the  CPU  and  controller. 

Power  fail  (PFWP/)  is  a low  level  input  signal  from  the  system 
80/20.  Reference  [3]  describes  its  operation.  It  is  currently  tied  to 
+5V  on  the  card  cage  backplane.  To  utilize  it,  PFWP/  would  be  brought 
from  the  system  80/20  to  the  power  bad  input  of  the  controller  board, 
Pl/19,  as  a low  logic  signal.  This  circuit  is  designed  in  the  controller 
to  allow  an  immediate  orderly  shutdown  of  the  bubble  memory  in  the  event 
of  power  failure,  because  major  loop  data  loss  is  possible  if  data  is 
left  in  it  at  shutdown.  Additionally,  to  keep  track  of  zero  page  refer- 
ence, the  bubble  must  shut  down  with  the  minor  loops  positioned  at  a 
known  point  with  respect  to  the  transfer  gates. 
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FIGURE  10 


MBM  CONTROLLER  BOARD 


FIGURE  II  nan  controller  block  oiagran 


The  system  80/20  guarantees  5.3  ms  of  warning  prior  to  the  loss  of 
+5V.  The  MBM  chip  requires  6.41  ms  for  a worst  case  return  of  all  minor 
loops  to  zero.  A storage  capacitor  may  be  required  to  meet  this  1.31  ms 
time  difference.  Data  Bus  In  (DBIN)  is  the  controller  device  Read/Write 
command  and  is  derived  from  Memory  Read  (MRDC/)  or  Memory  Write  Command 
(MWRC/)  on  the  master  bus.  The  controller  uses  this  command  along  with 
the  other  two  busses  to  interpret  coirmiands  from  the  microcomputer.  Memory 
Enable  (MEMEN/)  is  simple  a low  logic  enabling  signal  acting  much  like  a 
chip  select.  It  is  discussed  in  the  board  addressing  scheme. 

The  primary  job  of  the  controller  board  is  Read/Write  loop 
control.  Major  functions  of  the  board,  and  the  associated  components, 
are:  Timing  (U8,  U19,  U23,  U24),  Data  Bus  Interface  (U3,  U4),  Addressing 
(U1 , U2,  U1 9),  Redundancy  (U6,  U4,  U14),  Timing  Function  Generation  (U5, 

U9,  UlO,  U16,  U21 ) and  Bubble  Board  Interface  (U20,  25,  26). 

U8  is  a conventional  clock  generator.  It  provides  clock  reference 
within  the  control  and  bubble  boards.  As  mentioned  earlier,  CPU  inter- 
face timing  is  accomplished  with  BCLK/  and  associated  ready  timing  of  U23B. 
Board  sync  is  generated  by  clocking  the  inputs  to  U23A.  U19  provides 

timing  gates  to  the  Timing  Function  Generator  (TFG)  circuitry  as  well  as 
clocking  the  input  data.  U24  supplies  enable  timing  to  the  bubble 
module  for  coil  start/stop  timing. 

Data  bus  interface  is  accomplished  with  two  Bidirectional  Bus 
Drivers,  U3  and  U4.  With  an  enabling  input  of  Ready  from  U13,  the  read 
or  write  signals  from  U19B  or  U1  determine  direction  of  data  flow. 
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The  controller  board  is  addressed  as  a memory  mapped  device 
utilizing  15  address  lines.  SBC  address  14  and  15  were  "ANDed"  together 
on  the  interface  board  to  reduce  the  number  of  SBC  address  lines  to  15 
to  conform  to  the  controller  address  bus,  mapping  the  controller  into 
high  memory.  The  memory  mapped  address  is  determined  by  the  controller 
(A0-A3),  U1  (A4-6)  and  U2  (A7-A14  & 15).  U1  and  U2  are  fusable  link 
ROMs  (256x4).  U2  contains  a hex  "0"  at  its  address  OFFh.  U1  contains 
a hex  "E"  at  its  address  "47h"  and  "8"  at  address  4F.  In  addition  to  the 
address  bus,  U1  utilizes  a high  level  logic  memory  enable  (MEMEN)  signal 
created  from  "0R"ing  SBC  memory  read  (MRDC/)  with  SBC  memory  write  (MWRC/) 
on  the  interface  board.  Finally,  the  actual  address  selection  (within  Ul) 
is  determined  by  the  Data  Bus  In  (DBIN)  signal.  For  DBIN  true  (high),  Ul 
address  4Fh  is  accessed,  which  generates  a chip  select  and  read  signal  to 
the  controller  board.  For  DBIN  false,  address  47h  is  accessed,  which 
generates  a write  and  chip  select  signal  to  the  controller  board.  The 
result  up  to  this  point  is  that  for  an  address  of  OFFFXh  (where  X is  a 
don't  care)  the  controller  can  differentiate  between  a read  and  a write 
memory  operation. 

The  lower  four  address  bits  are  fed  directly  to  the  controller. 
All  controller  commands  are  mapped  onto  these  address  locations  (CFFFOh  to 
FFFEh)  with  OFFh  not  utilized.  TMS  9916/5502  controller  specifications 
[Reference  (5)]  details  the  commands.  All  commands  with  the  exception 
of  0FFF2h  utilize  the  data  bus  to  pass  required  data  associated  with  the 
command.  The  0FFF2h  command  (Control  Command)  is  an  expansion  command 
that  allows  the  data  bus  to  be  utilized  to  pass  eight  additional  commands. 


These  commands  have  no  data  associated  with  them,  so  no  conflict  occurs. 

For  example,  0FFF2h  on  the  address  bus,  with  02h  on  the  data  bus  causes 
the  controller  to  execute  its  microprogram  to  read  a page  of  bubble  data 
into  the  controller  buffer,  reposition  required  loops,  etc.  It-should 
be  noted  that  control  commands  are  transparent  to  the  programmer,  in  that 
once  the  controller  is  programmed,  the  CPU  may  go  on  and  leave  the  con- 
troller to  complete  its  task.  Monitoring  may  either  be  done  via  status 
polling  or  interrupt  programming.  This  will  be  discussed  further  in 
Section  III. 

Timing  interface  for  read/write  control  timing  is  accomplished 
via  the  CPU  ready  circuit.  If  the  controller  required  additional  time 
in  accessing  its  buffers  to  the  bus,  it  may  pull  the  ready  line  low, 
causing  the  CPU  to  enter  a wait  state  until  the  controller  is  once  again 
ready . 

Redundancy  circuit  discussion  follows.  Starting  after  a reset 
generated  by  the  read  Counter  Clear  (RDCTRCL)  signal  from  the  controller 
(U13),  U14  counts  the  gated  50KHZ  deck.  Its  output  is  fed  to  the  256X4 
bit  Schottky  fusible  link  ROM,  Ull.  This  ROM  contains  the  redundancy 
map  for  up  to  four  installed  MBM  chips  and  is  the  same  type  as  the  pre- 
viously discussed  U1  and  U2.  The  current  application  has  only  one  MBM, 
so  Ull  contains  only  one  of  a possible  four  maps.  Table  I is  the  re- 
dundancy map  for  the  MBM  employed  in  this  report.  The  counted  clock 
input  causes  the  redundancy  map  to  be  output  to  U6,  which  generates  a Data 
Enable  (DATAEN)  signal  for  each  valid  minor  loop,  and  fails  to  post  the 

i| 

DATAEN  signal  for  bad  loops,  corresponding  to  the  ROM  map.  This  signal  r 
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TABLE  I 


I 

I 

I 


REDUNDANCY  MAP 

FINAL  MASK 

MODULE  89-92-10  23  June  77  13:43:35  TEMP 

0000  0002  01  CO  0010  0000  0000  0000  00000000  0007 

BAD  LOOP  ADDRESSES  (HEXIDECIMAL) 

001 E,  0027,  0028,  0029,  0038 
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CENTIGRADE 
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is  gated  with  the  controller  Data  Out  signal  to  form  the  Good  Data  (GDATA) 
signal  at  U25D.  The  signal  is  then  transferred  to  the  MBM  via  buffer 
U25  to  gate  out  bad  loop  information. 


U6  receives  three  enable  lines,  Board  Select  (BDSEL)  A,  B,  and  C. 
These  are  used  to  indicate  which  of  up  to  eight  bubble  board  redutidancy 
maps  are  to  be  accessed.  Currently  the  select  lines  are  tied  to  ground  to 
supply  a logic  zero  to  the  board  address  logic.  In  a larger  application 
with  more  than  four  bubble  boards,  an  additional  redundancy  map  ROM 
would  be  added,  generating  inputs  to  U6  (D4-7),  and  would  contain  the  maps 
for  boards  4-7.  Additionally,  active  board  address  would  have  to  be  sup- 
plied to  the  board  select  lines. 

Precision  timing  waveforms  for  all  bubble  board  functions  are 
generated  in  the  Timing  Function  Generator  group.  UlO,  the  Timing  Func- 
tion Generator  (TFG),  is  another  fusible  link  ROM.  The  contents  of  this 
ROM  are  indicated  in  Table  II.  Counters  U5  and  U9,  driven  by  the  clock 
generator  18  MHZ  output,  and  under  control  of  U12,  access  the  TFG.  It 
in  turn  generates  output  signals  on  its  data  lines  to  sequence  a set  of 
timing  pulses  to  two  eight  input,  "0"  flip  flop  latches,  U16  and  U21 . 

U21  utilizes  only  six  of  its  eight  "D"  flip  flops.  This  latched  sequence 
is  clocked  by  the  counted  down  18  MHZ  clock  (4.5  MHZ)  to  generate  output 
signals  to  drivers  U20,  U25  and  LI26.  These  three  chips  are  quad,  two- 


The  interrupt  output  from  the  controller  allows  for  a powerful 
interface  to  the  microcomputer.  When  enabled  via  its  mask  register,  inter- 
rupt is  generated  from  Ul/34  through  driver  U13A  to  B2/39.  Software  is 
written  for  this  to  go  in  as  interrupt  five  to  the  SBC;  however,  it  is  not 
currently  implemented. 
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III,  CAPABILITY  EXPANSION 

A.  INTERRUPT  VERSUS  STATUS  CHECK 

The  system  designed  in  this  thesis  can  be  operated  in  one  of  two 
ways.  One  is  for  the  Central  Processing  Unit  (CPU)  to  obtain  input  data 
when  available,  examine  it,  store  as  required,  waiting  for  the  mass 
memory  system  Incomplete  its  operation  (a  significant  amount  of  time), 
and  then  wait  for  the  next  input  cycle  (an  even  more  significant  delay). 

Due  to  the  speed  of  the  microprocessor,  the  relatively  infrequent  occur- 
rence of  input  data,  and  the  additional  delay  involved  with  a relatively 
slow  mass  memory,  the  CPU  would  spend  most  of  its  time  "polling"  the  in- 
put or  output,  waiting  for  either  an  input  operation,  or  for  the  memory 
to  complete  its  operation.  This  is  trivial,  if  the  CPU  has  no  other  task; 
however,  if  it  could  be  gainfully  employed  elsewhere,  it  represents  a 
great  waste  of  computing  power. 

An  alternative  way  of  accomplishing  the  same  task  would  be  for  the 
computer  to  be  working  continuously.  When  the  input  data  bus  brought 
information  to  the  system,  it  would  interrupt  it.  The  microcomputer 
could  then  accept  data  from  the  1553  bus  buffer,  operate  on  it,  and  store 
as  required.  Utilizing  an  MBM  controller  that  can  be  told  to  take  the 
data,  store  it  and  generate  an  interrupt  when  complete,  the  MBM  module 
could  be  left  to  its  work,  and  the  microcomputer  returned  to  the  task 
interrupted. 

For  a Metal  Nitride  Oxide  Semiconductor  (NNOS)  nonvolatile  mass 
memory,  or  other  type  of  slow  mass  memory  without  a separate  intelligent 
controller,  the  same  capability  may  be  realized  through  software,  utilizing 
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the  progranmable  interrupt  timer  of  the  SBC.  By  setting  this  timer  to  the 
required  memory  delay,  an  interrupt  would  be  generated  at  memory  completion. 
Utilizing  this  method  based  on  interrupts,  the  recorder  system  could 


realize  a ten-fold  increase  in  computing  power.  This  power  could  be 
well  utilized  in  the  present  and  future  monitoring  applications, 

B.  SAFETY  PROGRAMMING 

A data  recorder,  by  definition,  has  considerable  information  available 
to  it.  In  the  case  of  an  aircraft  crash  data  recorder,  a wealth  of  air- 
craft status  data  is  sent  each  second  to  the  recorder.  For  a microcomputer 
based  system  linked  to  a MIL  STD  1553  data  bus,  with  other  aircraft  systems 
also  on  the  bus,  the  state  information  available  is  sufficient  for  many 
safety  calculations. 

Reference  [2]  discusses  the  use  of  discrete  parameters  to  represent 
a wealth  of  aircraft  status  data  in  a very  compact  form.  The  variable 
DP&l  and  DP&2  of  the  RECORD  program  represent  16  BIT  words  composed  of 
discrete  data.  A suggested  implementation  is  shown  in  Table  IV,  where 
DP&l  represents  pilot  input,  and  DP&2  represents  aircraft  state.  Utiliz- 
ing this  type  of  data,  the  recorder  has  available  to  it  information  on 
flight  perturbation,  pilot  response,  control  response  resulting,  and 
finally  the  aircraft  response  resulting  from  this  chain. 

With  aircraft  air  speed,  fuel  load,  position,  etc.,  available,  cal- 
culations of  fuel  exhaustion  time  and  position,  optimum  climb,  cruise, 
and  loiter  configuration,  or  constant  energy  display  mapping  could  be  ij 

supported.  Real  time  calculation  of  take-off  time  and  distance  could  be  | 

automatically  calculated,  with  no  pilot  generated  input  data  other  than  i 
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field  length.  Real  time  warnings  could  be  output,  if  the  field  length 
is  insufficient  for  take-off,  as  a function  of  real  time  sensing  of  confi 
guration  and  ambient  conditions. 


These  are  examples  of  applications  for  all  aviation.  A potentially 
more  important  task  is  related  to  the  Navy  carrier  mission.  By  continu- 
ously having  available  to  it  such  a wide  variety  of  parameters,  and  due 
to  its  near  instantaneous  analysis  capability,  the  microcomputer  could  be 
programmed  to  recognize  certain  definable  "extremis"  situations  at  the 
very  earliest  stages  of  their  onset.  Through  this  recognition  algorithm 
an  "eject  alert"  could  be  generated,  allowing  for  immediate  pilot  correc- 
tion and/or  additional  time  to  analyse  the  critical  eject  decision.  In 
the  familiar  dark  night  launch,  which  is  a time-critical  situation,  this 
could  very  easily  make  the  difference  between  successful  recovery/ejection 
or  aircraft  and  pilot  loss. 

The  RECORD  program  of  Appendix  B is  interrupt  driven  at  its  outer  level. 
The  loop  that  comprises  the  main  body  of  this  program  simulates  a calcula- 
tion of  the  type  described.  This  loop  calls  the  Eject  Alert  procedure  if 
the  parameters  evaluated  indicate  that  a critical  situation  has  developed. 

In  the  example  there  is  little  doubt  that  an  "extremis"  situation  exists. 

An  extreme  example  was  chosen  to  demonstrate  that  a computer  can  recognize 
specific  situations  if: 

1.  it  has  sufficient  status  data; 

2.  it  is  programmed  to  recognize  these  input  values  as  a set  that 
correspond  to  a critical  situation. 

The  programmed  example  assumes  arbitrarily  that  discrete  data  words 
DP$1  and  DP$2  are  implemented  as  shown  in  Table  IV.  Based  on  this,  a 
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value  of  lE83h  would  indicate  a very  dire  situation.  The  aircraft  would 
have  fully  split  flaps,  fully  split  slats,  wide  open  speed  brakes  and 
hung  gear.  Simultaneous  checks  of  altitude  through  the  program  Indicate 
that  the  aircraft  Is  below  100  feet  and  falling.  This  Is  an  example  of  an 
easily  defined  "extremis"  situation. 

The  program  calls  the  Eject  Alert  procedure  to  provide  warning.  The 
significance  is  that  the  microcomputer  can  analyse  the  parameter  each 
second,  detect  a situation  such  as  this,  and  furnish  a warning  long  be- 
fore reaching  this  point.  Placing  the  routines  in  the  main  body  of  the  pro 
gram  insures  that  the  parameters  examined  are  at  most  one  second  old,  since 
the  1553  bus  would  give  new  data  each  second. 
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IV.  RESULTS  AND  RECOMMENDATIONS 


The  complete  system  was  assembled  after  considerable  delay  in 
obtaining  the  various  component  parts.  Some  difficulty  was  experienced 
with  the  CPU  coming  loose  from  its  socket  on  one  side  due  to  board 
flexure.  Consideration  might  be  given  to  soldering  the  CPU  into  the 
socket  prior  to  flight  testing. 

Test  software  was  designed  initially  to  repetitively  read  or  write 
to  the  controller,  until  the  controller  buffer  was  full,  then  to  transfer 
the  page  to  the  bubble  module.  This  program  was  repetitively  looped 
while  signal  checks  were  conducted.  It  was  determined  that  the  test 
oscilloscope  utilized  was  not  sufficiently  fast  to  syncronize  and 
display  the  waveforms  of  interest. 

Test  software  was  altered  to  verify  operation  of  the  9916  First  In- 
First  Out  (FIFO)  buffer,  by  executive  a write  of  17  bytes  after  system 
initiation,  followed  by  a read  of  the  FIFO.  This  was  also  unsuccessful. 

Consultation  with  Texas  Instruments  personnel  indicated  several 
changes  to  be  incorporated,  as  indicated  in  Appendix  C.  Additionally, 
the  9916  controller  performance  may  possibly  be  temperature  dependent 
to  a greater  degree  than  listed  in  its  specifications.  Cooling  air  was 
supplied  for  future  tests,  but  testing  was  not  resumed  in  time  to  see 
if  this  solved  the  temperature  problem. 

Due  to  changes  required,  testing  was  not  completed  and  remains  as 
the  final  task.  Subsequent  work  should  include  correction  of  deficiencies 
listed  in  Appendix  C,  and  check  out  of  the  address  ROMs.  The  Controller 
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operation  should  be  verified  independent  of  the  NBM  board.  It  is  recom- 
mended that  a status  polled  program  be  utilized,  as  recent  discussions 
with  TI  personnel  indicate  that  the  interrupt  routein  from  the  controller 
may  operate  in  variance  with  the  specifications  (Reference  [5]). 

Research  should  continue  with  the  MBM.  It  is  the  best  medium  for  the 
mission,  and  future  technology  growth  will  only  accentuate  this.  Consi- 
deration should  be  given  to  simultaneous  development  of  an  MNOS  based 
system  utilizing  the  same  computer,  as  discussed  in  the  thesis.  The 
technology  risk  here  is  low;  however,  the  storage  density  is  also  con- 
siderably lower. 

Finally,  the  interface  design  to  a data  bus  which  serves  to  deliver 
the  status  information  needs  to  be  completed. 
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APPENDIX  A 


BUBBLE  TECHNOLOGY 


A.  INTRODUCTION 

In  many  materials  there  exist  "domains"  of  magnetization.  These 
domains  are  usually  randomly  aligned,  such  that  the  net  magnetization 
(magnetic  energy)  of  the  material  is  near  zero.  In  certain  materials, 
a large  number  of  these  domains  align  along  some  axis  with  their  mag- 
netic poles  in  the  same  direction.  This  is  a naturally  magnetic  material. 
In  an  artificially  induced  magnetic  material  the  same  result  occurs; 
however,  the  alignment  is  forced  by  an  outside  electromagnetic  (H)  field. 

If  a naturally  magnetic  material  is  placed  in  an  H field  aligned 
with  its  principal  magnetic  axis,  all  domains  will  tend  to  align  with  this 
field.  Those  domains  that  were  aligned  opposite  to  the  field  will  be 
reduced  in  size  as  a function  of  their  magnetic  dipole  moment,  their  ini- 
tial polar  direction,  and  the  strength  of  the  external  magnetic  field 
(bias).  By  careful  selection  of  the  magnetic  substrate  uti''iz3d,  and 
application  of  the  proper  bias,  those  domains  in  opposition  to  the  bias 
field  can  be  caused  to  reduce  in  size  until  they  are  arbitrarily  small 
"bubbles"  of  polarized  material  within  a "sea"  of  oppositely  polarized 
material  (Reference  [6]).  Variation  of  bias  field  and  material  properties 
of  the  substrate  will  determine  bubble  size.  If  the  bias  field  is  allowed 
to  become  too  strong,  they  will  be  annihilated,  i.e.,  caused  to  collapse 
into  the  "sea."  If  too  weak,  the  bubbles  will  be  too  large,  with  resulting 
propagation  and  storage  problems. 
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As  a first  step’ toward  usability,  the  bubble  must  be  caused  to  move 
under  control.  For  this  purpose  a combination  of  "tracks"  is  laid  down 
in  the  substrate,  usually  from  permalloy  material.  An  external  electro 
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magnetic  field  is  applied  (two  periodic  signals,  90“  out  of  phase), 
such  that  it  induces  a magnetic  field  within  the  plane  of  the  substrate. 
The  moving  force  is  caused  by  variations  in  flux  density,  due  to  the  per- 
meability of  the  permalloy  pattern,  that  causes  the  tracks  to  develop 
magnetic  poles,  resulting  in  the  bubbles  being  moved  along  the  track 
in  the  direction  determined  by  the  external  rotating  field.  The  bubble 
moves  in  the  direction  of  reduced  bias,  at  a speed  proportional  to  the 
difference  between  the  non-uniform  bias  across  the  bubble  diameter  and 
the  coercivity  (Reference  [6]).  The  bubble  movement  is  accomplished  by 
realignment  of  the  magnetic  vectors  at  successive  locations  within  the 
substrate. 

The  shape  of  the  permalloy  track  elements  have  a distinct  effect  on 
propagation  speed  and  reliability.  Patterns  used  in  the  past  have  in- 
cluded a chevron,  a "T"  bar,  and  a crescent.  The  bubble  chip  used  in  this 
thesis  employs  the  "T"  bar  pattern.  Current  research  in  higher  density 
chips  is  employing  an  asymetrical  chevron  to  achieve  higher  packing 
densities  and  greater  field  rotation  rates. 

Three  other  basic  functions  are  required  to  make  up  a useful  bubble 
storage  device.  Information  must  be  written  into  the  device  (bubble 
generation).  The  information  must  be  read  from  the  device  (bubble  detec- 
tion) and  bubbles  must  be  deleted  from  the  device  (annihilation).  Genera- 
tion can  be  accomplished  via  a fine  current  loop  which,  at  a specific 
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point  in  the  bubble  track,  can  be  pulsed  in  opposition  to  the  static  bias 
field  to  produce  a bubble.  Similarly,  annihilation  can  be  accomplished 
by  bringing  the  bubble  under  the  same  loop  and  reversing  the  direction  of 
current  flow.  For  data  handling,  the  generate  and  annihilate  functions 
are  usually  separate.  Bubble  detection  can  be  accomplished  in  several 
ways.  One  is  to  cause  the  bubble  to  be  stretched  out,  and  then  run  under 
a permalloy  magnetorestive  detector.  The  change  in  the  resistance  of  the 
detector  due  to  the  field  change  induced  at  bubble  passage  can  be  detected 
and  amplified  as  the  module  output.  Interaction  of  the  rotating  field  and 
the  detector  is  handled  by  putting  the  sense  element  in  one  leg  of  a 
balanced  bridge  network,  with  the  other  legs  in  the  rotating  field  but 
not  exposed  to  bubble  passage. 

Physical  arrangement  cfthe  permalloy  tracks  determine  the  usefulness 
of  the  memory.  All  bubble  positions  and  functions  could  be  arranged  around 
a loop;  however,  as  total  storage  increased,  access  time  would  go  up  lin- 
early, just  as  in  serial  magnetic  tape  systems.  A more  practical  ap- 
proach for  systems  that  require  random  access  is  to  model  the  system 
after  a fixed  head  disc,  in  which  information  is  fed  to  several  heads 
simultaneously,  transferred  to  the  disc  tracks,  and  then  the  disc  rotated 
to  the  next  data  position.  This  is  tne  model  for  the  major/mi nor  loop 
MBM  chip  layout. 

This  design  requires  the  additional  bubble  function  of  "transfer," 
which  moves  a bubble  from/to  the  major  and  minor  loops.  This  propagation 
directionality  is  obtained  by  application  of  very  carefully  timed  signals 
to  the  transfer  gates  themselves  to  cause  the  propagation  vector  to  move 
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toward  the  minor  loops,  via  specially  shaped  permalloy  track  elements, 
at  the  instant  the  bubble  is  positioned  at  the  gates.  In  all  bubble 
functions,  element  size,  placement,  and  spacing  are  critical. 


B.  CONSTRUCTION 

Solid  state  construction  techniques  very  similar  to  that  used  in 
the  fabrication  of  other  microelectronic  components  are  utilized  in  the 
construction  of  the  bubble  memory.  This  contributes  greatly  to  the  reli- 
ability and  low  cost  of  these  units.  The  current  MBM  utilized  is  a pro- 
duction version  of  approximately  lOOK  bits.  Texas  Instruments  expects 
to  market  a 256K  bit  chip  In  the  same  package  by  mid-1978.  Four  of  these 
larger  capacity  chips  will  be  mounted,  with  drive  circuitry,  on  the  same 

i 

board  utilized  in  the  current  application,  to  yield  a one  megabit  ! 

I 

storage  system.  i 

j 

One  area  of  concern  in  bubble  chip  reliability  is  bias  field  variation 
susceptibility  (Reference  [11]).  Element  differences  within  the  device, 
as  well  as  variations  of  the  field  strength  of  the  bias  magnets,  may 
cause  the  bias  margin  to  be  unacceptably  small.  In  this  case  relatively  i 

I 

small  increases  in  flux  density  may  cause  bubble  annihilation,  with  re- 

I 

suiting  data  loss.  On  the  other  hand,  a weaker  field  may  cause  overly 
large  bubbles,  with  attendant  strip  out  problems.  Bias  field  margin  is  | 

computer  tested.  A final  test  is  a go/no-go  check  for  the  completed  module.  | 

As  the  bubble  chip  capacity  is  increased  by  reducing  the  bubble  size  and 
spacing,  this  will  be  an  area  to  watch.  Research  into  permalloy  track 
element  shape  is  producing  patterns  that  require  less  precise  manufacturing 
technique  while  yielding  a wider  bias  margin  (Reference  [12]). 
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Another  area  of  possible  problems  arises  with  the  major/mi  nor  loop 
architecture.  To  obtain  an  acceptable  yield  with  a chip  employing  ex- 
tremely close  manufacturing  tolerances  for  the  function  elements,  a 
failure  margin  must  be  allowed.  Keenan  and  Naden  (Reference  [14])  re- 
port that  for  the  TBM  0101  chip,  up  to  13  of  the  157  minor  loops  are 
allowed  to  be  defective  to  obtain  desired  yields.  The  actual  map  of  the 
assembled  chip  is  obtained  in  final  assembly  testing,  with  bad  minor 
loops  noted.  It  then  become  the  job  of  the  bubble  controller  unit  to 
selectively  skip  these  loops  on  read/write  transfer  operations.  An 
additional  caution  must  be  observed  with  regard  to  this  redundancy  mask 
in  that  if  not  correct,  and  if  bubbles  are  transferred  into  the  bad  minor 
loops,  recurring  problems  with  erroneous  data  may  result  thereafter. 

0.  M.  Lee  (Reference  [6])  outlines  the  method  of  employing  the  mask  in- 
formation to  gate  out  bad  loops.  He  further  outlines  the  entire  controller 
circuitry  required  for  MBM  control. 

C.  APPLICATIONS 

NASA  and  DOD  are  both  currently  funding  research  into  magnetic  bubble 
storage  devices.  Rockwell  is  building  a 10®  bit  space  qualified  recording 
system  for  NASA  (Reference  [13])  employing  signle  loop  architecture.  It 
is  hoped  to  replace  three  mechanically  oriented  systems  with  the  one  bubble 
system  in  future  applications  to  decrease  weight,  improve  reliability  and 
reduce  power  consumption. 

Texas  Instruments,  under  contract  to  the  Air  Force  Avionics  Laboratory 
(AFAL),  is  developing  second  generation  MBM  modules  in  256K-1M  bits/chip 
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range,  utilizing  the  major/mlnor  loop  architecture.  Specific  applications 
of  the  AFAL  work  are  not  yet  Indicated. 

Bubble  drive  circuitry  Is  passive,  except  during  actual  memory 
access.  Function  circuitry  Is  similarly  Inactive,  except  when  actually 
performing  the  Intended  function.  There  are  no  quiescent  bias  currents 
needed  In  a stand-by  mode.  For  this  reason,  MBM  will  be  applied  to 
many  applications  where  power  consumption  Is  a consideration.  By 
actively  switching  all  bubble  functions,  minimal  power  drain  may  be 
real ized. 

Magnetic  bubble  memories  will  find  application  wherever  the  low 
cose/bit  and  non-volatile  nature  are  important,  and  where  the  relatively 
longer  access  time  required  can  be  tolerated. 
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TABLE  III 


TMS  9916/TBM  0101  PARAMETERS 


TOTAL  STORAGE  100,637  BITS 
USABLE  STORAGE  92,160  BITS 
NUMBER  OF  MAJOR  LOOPS  1 
NUMBER  OF  MINOR  LOOPS  157 
GUARANTEED  NUMBER  OF  USABLE  MINOR  LOOPS  144 
MAJOR  LOOP  LENGTH  640 
MINOR  LOOP  LENGTH  641 
PAGE  SIZE  18  BYTES 
NUMBER  OF  PAGES  641 
SINGLE  PAGE  MODE  MAXIMUM  PAGE  WRITE  TIME  12.82  MS 
MULTI -PAGE  MODE  AVERAGE  WRITE  TIME  3.22  MS 
FIRST  BYTE  AVERAGE  ACCESS  TIME  6.41  MS 
MINIMUM  SHUT  DOWN  TIME  6.41  MS 
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APPENDIX  B 


COMPUTER  PROGRAMS 


A.  GENERAL 


Development  support  for  both  hardware  and  software  1s  available  In 
the  Intel  MDS  800  Microcomputer  Develop-System.  Figure  14  Illustrates 
the  entire  development  system.  Utilizing  the  In  Circuit  Emulator  (ICE), 

SBC  hardware  can  be  simulated  to  a great  degree.  The  ICE  Is  currently 
Incapable  of  simulating  Interrupt  driven  routines  for  the  SBC,  as  the 
Interrupt  controller  cannot  be  simulated.  A modification  to  allow  simu- 
lation of  SBC  Interrupt  structure  Is  available  and  Intel  has  been  contacted 
to  obtain  It. 

Due  to  the  memory  mapping  of  the  ICOM  PROM  programmer  board,  PROM 
programming  within  the  ISIS  operating  system  Is  not  straight  forward. 

The  ICOM  PROM  programmer  Is  mapped  Into  the  top  16K  of  memory  and  as 
such  Is  not  compatible  with  a system  configured  for  more  than  48K  of 
memory.  Dip  switches  on  the  board  would  allow  the  board  to  be  re- 
addressed, but  It  would  then  be  Incompatible  with  Its  own  monitor. 

For  62K  CPM,  the  debugged  program  Is  loaded  Into  a user  RAM  area 
below  48K  and  run.  Upon  exit  to  the  monitor  the  top  16K  RAM  board  Is 
removed  with  the  system  on,  and  the  ICOM  programmer  board  Inserted. 

The  system  Is  then  rebooted  on  the  monitor  and  program  control  trans- 
ferred to  the  programmer  (Reference  [4]).  For  PLM-80,  and  other  lan- 
guages run  under  the  64K  Intel  System  Implementation  Supervisor  (ISIS), 
another  problem  arises.  Due  to  SBC  EPROM  memory  mapping,  the  SBC  Is  mapped 
In  ISIS  resident  area,  and  as  such  must  have  Its  operating  load  map  trans- 
formed utilizing  the  ICE80. 
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with  the  debugged  program  compiled,  linked  and  located  on  disc,  the 
ICE  80  Is  utilized  to  transform  the  program  load  map  Into  user  accessible 
RAM  under  the  MDS/ICE  80  64K  memory  map.  Care  Is  taken  not  to  transform 
Into  the  top  16K  of  memory,  as  this  will  be  removed  to  utilize  the  pro- 
grammer. With  the  transformed  program  loaded  under  ICE  80,  the  disc  door 
Is  opened  and  the  system  booted  on  the  monitor.  The  remaining  proce- 
dures are  the  same  as  for  CP/M. 

The  decision  on  whether  to  use  I/O  ports  or  to  memory  map  the  con- 
troller was  a difficult  one.  At  the  time  the  available  MDS  was  not 
configured  with  a general  purpose  I/O  board,  so  the  decision  was  made  to 
memory  map  the  controller.  Subsequently,  the  MDS  504  General  Purpose  I/O 
Module  has  been  obtained  and  is  installed  on  the  MDS.  For  the  testing  phase, 
consideration  might  be  given  to  utilizing  the  controller,  port  mapped, 
due  to  the  greater  ease  of  signal  checking.  The  required  signal  comple- 
mentation of  address  and  control  busses  could  then  be  accomplished  in 
software  also. 

Programs  to  accomplish  the  recording  function  as  well  as  to  test 
bubble  module  operation  were  developed.  The  essential  elements  of  the 
PROCESS  PLM  program  of  Reference  [2]  were  rewritten  in  PLM-80  as  the 
RECORD  program.  The  RECORD  program  incorporates  Interrupt  initiation, 

MBM  interface,  and  examples  of  real  time  analysis  of  input  parameters 
to  dynamically  vary  the  compression. 

The  MEMORY  RECORDING  PROCEDURE  of  Reference  [2]  was  rewritten  on 
the  MDS  and  designed  to  record  into  MNOS.  If  this  program  were  adapted 
for  the  SBC  port  numbers,  and  expanded  to  handle  a larger  number  of 


56 


MNOS  chips.  It  could  provide  a demonstration  data  recorder  while  the 
bubble  technology  matures.  The  programs  were  not  included,  but  are 
available  If  this  route  Is  chosen. 
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PLM-80  bubble  driver  routines  were  originally  developed  on  the 
MDS;  however,  they  could  not  be  located  at  SBC  EPROM  addresses  without 
ICE  80.  The  status-polled  MBM  drivers  were  written  in  assembly  language, 
utilizing  the  Digital  Research  CP/M  operating  system.  This  allowed  pro- 
gramming of  EPROMS  for  testing.  This  requirement  was  removed  when  the 
ICE  80  was  obtained,  but  time  did  not  allow  for  program  rewrite.  This 
program  translates  directly  into  PLM-80,  and  if  used  in  further  work 
should  be  rewritten  to  aid  documentation. 

Development  of  the  interrupt  driven  MBM  Driver  was  accomplished 
in  assembly  language  as  well,  to  facilitate  register  and  stack  operations 
associated  with  interrupts.  Translation  of  this  program  into  PLM-80  is 
not  as  direct.  Utilizing  the  PLM  Stack  pointer  (STACKPTR)  functions, 
a based  variable  would  be  utilized  to  store  the  return  point  stack 
pointers  of  each  routine,  and  appropriate  stack  operations  would  allow 
movement  back  and  forth  between  the  "Outer  Level"  and  the  page  write  and 
end  check  routines  as  required. 

B.  RECORD  PROGRAM 

The  RECORD  program  is  the  executive  program.  It  performs  three 
functions:  real  time  analysis,  parameter  analysis  and  compression,  and 
call  control  for  the  BUBBLE  program. 

1 . Real  Time  Analysis 

With  the  recording  function  written  as  an  interrupt  activated 
procedure,  the  software  is  free  to  perform  real  time  analysis  of 
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desired  parameters  as  discussed  In  Section  III.  The  sample  calcula- 
tion consisting  of  the  IF  statement  In  the  "Outer  Level"  Infinite  loop 
Is  an  example  of  this. 

2.  Parameter  Analysis  and  Compression 

The  INPUT  1 procedure  Is  Interrupt  driven.  It  In  turn  calls 
all  other  procedures  with  the  exception  of  Eject  Alert.  Two  examples 
of  how  to  dynamically  vary  the  data  compression  rate  are  Included  In  the 
VERTG  procedure  and  the  ALTF  analysis.  In  each  case,  the  compression 
parameter,  I.e.,  the  allowable  difference  between  old  and  new  values. 

Is  adjusted  dynamically  as  a function  of  data  from  one  second  ago. 

3 MBM  Call 

After  data  has  been  analysed  for  changes  and  labeled,  it  Is 
stored  In  an  output  buffer  (one  byte)  and  control  Is  passed  to  the 
MBM  driver. 

C.  BUBBLE  DRIVER  PROGRAM 

This  assembly  language  program  Is  the  MBM  driver.  It  follows  the 
flow  chart  of  Figures  15  and  16.  Figure  15  shows  the  sequence  (Reference 
[5])  to  Initialize  the  controller  at  power  up.  Figure  16  is  the  single 
page  read/write  flow  chart  (Reference  [5]).  It  does  not  use  Interrupts 
to  control  operations  as  It  was  developed  from  a version  used  for  testing. 

The  various  console  calls  at  the  Input  to  the  procedures  are  for  the 
purpose  of  program  debuging  and  testing  and  would  be  eliminated  in  the 
final  version. 
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0.  INTERRUPT  CONTROLLED  BUBBLE  TEST  PROGRAM 

This  program  was  developed  from  an  original  status  polled  test  pro- 
gram to  make  the  recording  process  more  efficient.  Translated  to  PLM-80 
and  linked  to  the  RECORD  program,  it  would  allow  the  system  to  be  used 
as  a monitor/recorder. 

The  basic  flow  chart  is  the  same  as  that  of  Figura  16,  with  the  ex- 
ception that  the  process  does  not  wait  for  the  controller  to  finish. 

Once  the  controller  is  told  to  write  a page,  the  program  returns  di- 
rectly to  the  "Outer  Level"  while  the  controller  completes  its  task. 

When  the  controller  is  done,  the  generated  interrupt  five  causes  the 
program  to  leave  the  "Outer  Level*  and  return  to  the  End  Check  (ENDCK) 
routine  via  the  Return  Point  (RTNPT).  At  completion,  execution  once 
again  returns  to  the  outer  level. 

The  program  was  located  in  EPROM,  but  transferred  into  SBC 
RAM  thus  allowing  program  alterations  during  operation.  To  facilitate 
this,  multiple  no-op  (NOP)  instructions  were  inserted  in  each  procedure, 
which  permitted  patching  modifications.  The  trace  routines  are  similar 
in  both  MBM  programs.  The  program  is  relocated  on  the  SBC  to  its  3000h 
start  address  using  the  SBC  monitor  move  (M)  command  prior  to  execution. 

A read  routine  was  incorporated  into  this  program  as  well.  It  was 
derived  from  the  original  version  of  the  test  program,  and  as  such  is  not 
interrupt  controlled.  This  program  is  the  main  test  program.  In  the 
testing  mode,  keyboard  control  of  read/write  operation  is  available  and 
selection  of  the  number  of  pages  read/written  is  accomplished  via  pro- 
gram modification. 

Tables  V and  VI  are  the  memory  maps  of  the  SBC  and  MDS  utilized. 


59 


/*  li'tt'ui  uAiM  15  hLACLb  li'^  Au  iiSHUi  bul*  h La  ( UJ-  1 U fc  Y '» t5  < 1 Lh  ) ) 
HAaIIMj  Ai  jtbCHj*  UllLlbliNb  iHL  ^lUlvl^UA  Aivb  LiLLi^J 
1M15  5il*iULAJc.5  i hL  hlL  5 I Li  155jA  ll'^lLA^ACL  bUht'c.h*  iNu 
AbLH  UtOubt  AUU'l  IWL  15  UllLIbfcb  A5  Iht  I'.u^l  lbA  hAi'JbLL5 
iMAi.  Ui'^bL  1 ht  bA  i A 15  li'J  AAt'i  IhL  hAubnAn  15  tAbUbibb* 

LAbh  l INc.  Al\  IkN'iLhAUFl  b 15  bLtvibAAlLb  11  51NULA1L5  Ihc. 

1555  liNltAi-AbL  Ii\l  tAAUbl  liv  b ^.llh  A h ULL  buhl-LA  Uh  i\c.U  liXHUi 
liMh  UAt'iA  1 lOiN  • ihl5  15  bAObL55bb  Ai\b  OuniauL  ALlUAisLb  lu  IhL 
Uu  1 C.A  LbLbL  bb  1 1.c.La  ltNlLAAuri5*  */ 

A C.bOALlbA  : 

UUi 

bbbLAAb  bbb  LIILaALLY  'bbbLAAb S Lll  LllLAALbt  'LllLAALLt'; 

bbL  lAUb  LI'i  'brhMS  fALLb  Lll  hUALV/Ln  Lll  'V.AlLb  lAUL'i 

bbL  ( Lll*!  1 1 b j L Il'i  1 1 4 j L Ih  1 1 b/ L I fi  1 1 7 ) ' bt  1 Li 

ULL  ( JihlishLAbj  5c.C.l-LAb)  bile.} 

bbL  ( K 1 « uLbi'‘i  1 iv x'ob  V^t’i  1 1'o  aL  ir>5Lb  ) HbbAL55i 

bLL  ( ALl b # AL 1 h > KLa5 > nLAU j Uh 5 1 « bh 5b> V b } AbbAL55i 

bbL  lAhUl5bA5L  AbL)AL55  Ai  ( obbbh  i i lAhui  cUhlLA  Al  5Bbbh  •/ 

bbL  (lAbUlbui-r  bA5Lu  lAhul5bA5b>  <bA>  AbbAb55i 

bbL  51ALL  oYib  bAlA(15fe!)i 

bbL  bubbLL  AuUAb55  Al  (IbbbAli 

bbL  bAilA  bYlb  Al  (orbbA); 

bbL  rLAbl  bYlL  Hi  (jrblh); 

bbL  Lulb  Lll  'bbh'i  /*  biNb  uh  IWibAAbrl  buhi'iAAb  */ 
bbL  lAl5VbblUA  AbbAL55  Mi  (5fr5n)i 
bbL  lAibVtbiUA  AbbAb55  Ai  (ji't'Y'hii 

bbL  Ibbh  Lli  'bbAn'i  /*  IhitAAbhi  Lbi'ihAAb  hUAi  MbbAb55  ■»/ 
bbL  Lbl^l  Lll  LuW^  Lli  ' 1 bid  ' i 

bbL  5LbV^  Lli  ’ibb'j  bbbh  5 i AbubLc.  Lli  'Ibboh'^  fAbibbliNK  Lll  Mb'; 

/»  rAUbAAi''!  r-AuLLbOAtb  */ 

b bw VLaI  : 

hAUbtbUAC.  (V/HLul)  AbbAt.55i  /*  alVLa5c.5  btlL  bAbth  iu  MbbbhUbAiL 
iML  bbbb  ’*>/ 

bbL  VALUL  AbbAt.55; 

AbibAlx  5HL  ( VALuC.  j b 1 + hIbh<bALbL)i 
c.Ab  LUaVLaI; 

i\e.A  ihAAMfi : 

hAubLbuAt  AbbAt.55i  /*  ^LibhL5  1 nt  aLa  1 hAAM^lLitA  hAUi\  1 ht  tbhl'LA  •/ 
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UCL  llLt'i  AbUhtibb; 

ntf'isIiNhUlbUhFC  J); 
J=J+1 J 

kL'I  UKN  CUN  ViLh'l  ( I TLM  ) J 
LNU  iMtATFAnAt'i; 


BESI  AVAiiASLE  COPY 


KuCuku: 

FhUCEbUAc.  (I'lEN*  NANE); 
bCL  11 EN  Abb^Ebb; 
bCL  ImMNE  bYlEi 

IP  t'lINPLAC  THEN 
uUi 

bAl  1 A=tt  1 UH  ( CUN  VEKl  ( NE  Upi  IN  ) ) A /*  LAbc-L  IN  V I b I bLE  ( G ) * 

Wf\IlE  lu  PIPU  */ 

CALL  bUbbLEJ 

bAll  A=LuU(  CUNY/EKl  (NEl-.NIN  ) ) ; 

CALL  bUbbLE; 

N I N P LA  (3=  P ALbE  i 
t-Nbi 

IP  bECPLAU  then 
bo; 

bAnA  = HIUH(CuNVEKl  CNtWbEC+lGGGM)  );  /»  Abb  LAbEL(l)  */ 
Call  dUbbLc.; 

uAl  1 A = Lu  U(  Cun  Y/En.1  ( nE  '^bEC  ) ) i 
CALL  bUbbLdJ 

bECPLA  b=PALbEi 
END; 

bA  1 1 A=h  I CH  ( CUN  vEnl  ( 11  Eh-*-bhL  ( bUUbLE  ( inAPiE  ) j 1 c ) ) ) J /*  Abb  LAbtL 
IN  hICH  UnbEh  1/E  BY  1 E */ 

Call  oubbLEi 

bAlTA  = Lul^<CUNVEKl  ( llEM  + bhLCbUUfaLECNAME)^  IE)  ) )i 

CALL  bUbbLE; 
riEl  UKN> 

EiMb  KECuKb; 

ALbu: 

FNUCEbUPic.  ( ULb.*  1 HKt.bH  « nAPiL  ) AbbP^EbbA 
bCL  ( ULb«NEW>  bl  P P ) AbbP(Ebb; 
uCL  ( 1 HPiEbh  j nAPiE  ) bYlE; 

Nc.  Ia=nEA1  FAaAPi  i 

IP  NtU  > ULb  IhcN  b I P P =Nt.  (fc-ULb  J 


1 


BESlAvAl:^^ii: 


^Lt  COPY 


ELit:  DIi-F=ULLi-i\iEV.; 

IF  blFF  > buUbLtC  TFlREijH)  THEN 

bUJ 

CALL  hECUhb(WEL*i\iAM£)  i 
KEluFiN  iMEUj 
EiNib  j 

ELbtL  r\E'luKiN  (JLbJ 

ENb  ALbUi 
vEkI  b: 

KKbCc.bUKE  Ci'<iAFiL)j 
UCL  oYlEi 

IF((\/b>j)  ijK  (bRiE  Aisb  bwbbh)) 

'iHEi'J  Lli“inE  = bJ  /*  bIi\K  nA’iE  CHECK*  CuwpKEbb  I UiM  r AHAWEl  EFi 

AbJublEb  IF  A CAf\nIc.h  uK  F CLP  LARbli'ib  */ 

ELbE  LIM  I'l  E=  I J /*  bEFAuLl  VALUE  =*=/ 


V U=  AL  bU  ( V b^  L iFi  1 1 iVAl’iE  ) S 
KET  UK(V  i 
Ei'^b  VEhl  bi 

E JECl  iALEK'i  : 

PHuCc.bUAEi 

/*  ihlE  but'a'iY  PKuCEbUt^E  WuuLb  FuriHIbh  EJEC'J  V.AnWIHb  IH  THE  FUHH 
uF  A Llbh'i#  AUrtAL  IuhE^  Urt  uIHEa  bt-blKEb  FuKFi*  An  ALlEh- 
NAIIVE  KuULu  bE  AC'iUAL  AUlONAlIC  EJEClIuN*  */ 

hL1 UKN j 

c.Nb  EJECl  bALEH'i  ; 


I nPu  1 1 : 

PhOCEbuKE  INlthRUPl  6J 

ENABLE;  /=*•  ENABLE  INlEKnUPlb  IkllhlN  PhUCEbUF^E  ♦/ 

/♦  BCALE  uF  ALL  INPUTB  IB  1;U  IE  ’CFFH'  F Uh  VELOC  IT  Y ( KCAB ) 
= BB3K'1B«  ALTC  bOEB  In  AiJilkl  FI  BTEPB*  ♦/ 

J = k)S  /*  HEBEI  CUUNltHB  ♦/ 

NE  ^^MIN=NEXI  PAKAN; 

IF  ULbhlN  <>  nEKMIN  IHEn 

uu; 


i 
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OLDMlN=NEVihINJ 

f'iIiNhLAb=TKlJt  J 

ME  l%i>£U=f^EA'l  HAkAM  J 
£t.CFLAb=lkUE; 

CALL  VEhlbtk); 

ALlC=ALbU(ALlCjC>3) J 

/=•■  AUJUilMEiNl  Oh  FINE  ALlIlubE  CONPhEbEIUN  PAAANETER  ACCU/\ijlNG  lu 
LAG!  AL'inubEj  AIKEREEb^  bEAh  POGITlUN.  */ 

IF  ( (CALIF  < lUfeJC)  OFv  (KCAE  < (E'lALL  + i))) 

<jt\  ((bPil  Awb  bb'/Ch)  < bb'/CH)) 
i nti^  LIN  II  1 b j 
ELEE  L In  1 1 <4=  1 Cb  J 

aLI  f =AL  bu  ( AL'l  F > L If'i  1 1 ^ ; 

CALL  \/Er\l  b(  b ) ; 

KCAb  = AL  bu ( KCaEj  L IN  1 1 o > 6 ) j 
hEAb  = ALCO(HEAb>LINn  1»  7); 

Call  ^tnl b( b ) J 
UPi  1 =ALbU(  bPbl  > i»  ) ; 
br-iLsALCuC  urbEj  C#  1C)J 
Call  vErI b< 1 1 ); 

ulbAoLEi  /*  ulbAbLE  INI  tF^AUP'i  b Ar^uUNb  CALLb  10  iNlEnKuPl 

CunIKuLLEK  */ 

uuImjTCICCP)  = EuICi  /*  uUlPUl  InE  Ei^b  uF  Ii'dEAnUPl  =*■/ 
ENAbLEJ  /*  KE-EwAbLE  INltAhuPlb  */ 

tiL  'l  ukn; 

c.Nb  INrull; 

bl  ACKP  I a = 3F  obFii  /=•■  Ii\  I I IALIEE  PauCaAn  blACK  PuInIEa  */ 

L In  1 1 E#  L Il’'in  A*  L IN  I 1 e3>  L In  1 1 7 = bi  /*  InIIIaLIae  LInI  i VALOtb  ♦/ 

J>  N InFLA  0*  bECF  LA0=b  J IinIIIaLIEE  FLAtab  ANU  CuONltFib  */ 

Kl  » ULDN  iNsfc); 

ALIC^ALIF  jKCAb/HEAb^bPbUbPbE#  VG=Wi  / =*■  INIlIALIEE  VAKlAoLEb  */ 


FLALl=FALbEj  /♦  btl  OP  IN  1 1 I AL I EA 1 I uN  FLAG  FOR  bUbbLE  COnikOLLEa  ♦/ 


bu  FOKEOERj 

INibV/EClOA  = (.iNPUll);  /*bET  UP  RAN  InIERauPI  VECIOR  10  CAUbE 
InIERRuPI  6 lo  vECIOa  lu  iNPUl 1 PaOCEOUaE^^/ 


BESl  AV/iiA3LE  COPY 
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BtSlAVK 


IJ-CCALIU  < LUl^l)  AWU  (ALlh  < LOVii;) 

Ai\U  (KCAi)  < i>LUW)  uK  CbPii;  AND 
THLn  call  tJECTiALLKl ; 


AND  { VC  > hACI  4i>li\K) 
LLtPil «OUbLt ) ) ) 


LNLi  /*  LuuP>  UAniNC  {•UK  It'd  LKKUPI  i>  • iHib  LuUP  14  l{i£  'UuILk  LEVEL** 
ANY  NUNbEK  UP  i>A{>ElY  {•LICHI  KUUT INE4  COULD  bE 'ACTIVE  IN 
THI4  AftEA^  RUNNING  UNTIL  INTERRUPTED*  AND  THEN  RE4UMED. 

UNE  example  14  INCLUDED  Ul*  A NAURU  ChtCK  huh  AN  EaTREi“iE 
{•LIGHT  CUNDITIuN.  4EE  PkUGKAN  inUTEG  {•  UR  EXPLAN  AT  I UN  ♦/ 


EixD  kECUauER* 

m 
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I 


I 


[ 

t 


I 

I 

{ 

1 


best  AVAllA--;^  COPY 


bUbbLE  bHI\/£h  FRO bhAI'i-bl ATUb  FULLED 


URb 


iblAKl  pKUbRAt'i  UN  EFRUN  CHIP 

ilRACE  RUUlINE  MAP:  * = bUbbLE.  E=IiNniALI^E. 
J3  = bUbY  CHECK.  4 = PACEURnE.  b=END  CHECK. 
i9  = LU  faYlc.  CHECK.  A=ZERU  PACE. 

iMAiN  RUUI  INE  MUbT  INIHALIZE  IPLAC  10  ZERO 
JUPoN  PRuCnAM  rEEIArI.  ADDllIONALLY^  INPUl 
jbubbLE  DATA  MUbl  bE  PAbbED  VIA  MEMORY  IMlO 
;LQCA1I0M  WREOff-.  blACK  POIMTEk  InIEMIIOMALY 
;i\(Ol  IM  1 1 I AL  I 4C.D  . InACE  »\OUl  iNtb  fuR  DcbOC. 


Vt\bLb  Eou  j|*C'Ch 


jVARIAbLE  bTuRAoE  AREA 


LDPCnCLO  Ecu  Ci'FI'C'H 
LDPCRCrtI  EUO  CfrJ'lH 
CONI  Com  EOu  hiil'i'hkH 
RDbYlE  Eoo  Cf'Fi'bH 
^^/\bYlE  Eoo  HbbrAh 
(\DblAlub  Eou  Cl'Fl'bH 
PCCRlLo  c.ij(U  CJ'l'i'  fcH 

PcCnIhI  Ecu  ot-hf'/h 
LDMiNbZEU  cCU  Ct'i’t’bH 

LDMlNbZHl  EwO 
PCPObLO  ECO  Cf-FhAH 

PtPObhl  ECU  CFFFbH 
LCPCbZnC  Ecu  CFFrCH 

RDROMBYIc.  ECO  CFFFDH 

RUblADDK  ECO  CFFFEH 


JLOAd  pace  bELECl  RECIblEn^  LO  BYlE 
JLOAD  PACE  bELECl  RECIbl£R>  HI  bYlE 
;kEAD  CUNlRuL  COMMANDb  FROM  DAI  A BObb 
JREAD  DAlA  BYlE  FROM  CONlROLLER  FIFO 
;CRI1E  DAIA  bYlE  10  CONTROLLER  FIFO 
>i\EAD  blAlub  RECiblER 

iREAD/WRIlE  nOMBEk  uF  PACEb  F uR  MOLl  I 
iPACE  IRANbFERbj  LO  bYlE 
JbAiML  F uR  HI  BYlE 

JLOAD  LOVk  bYlt.^  minor  LoOP  bIZECINIl- 

JIALIZAIION  ONLY) 

JbAME  F0/\  HI  BYlE 

JPACE  PubITIoN  COONlER  LoC  BYlE.  ObED 
Jlu  bhuC  CORRENl  PACE  A1  IRANbFER 

j CAi E In  ihe  Bubble 
JbAME  FOR  HI  bYlE 
JLuAD  PmCE  blEE  RbCIblEn 
J ( INIl lALIZAl luN  ONLY) 

J READ  CuRRENl  REDUNDANCY  MAP^ 

J INCREMENT  PuINlER 

JREAD  redundancy  MAP  ADDREbb 


INITIAL  ECU 

1 

JINITIALIZE  THE 

CONlROLLER 

RDP C EuU  B 

JREAD 

PACE#bINCLE  PACE  MODE 

CRPC  ECU  M 

J CRIl 

E PACE^  bINCLE  PACE  MODE 

bCLPCMU  ECU 

b 

JbET 

biNCLE  PACE 

MODE 

MULPCPiD  Ecu 

ICH 

JbEl 

MULl  I-PACE 

MiuDE 

lEblMD  ECU 

BCH 

JbET 

lEbl  MuDE 

rcEbEl  ECU 

JbOFl 

CmRE  REbEl 

iNlMbK  ECU 

bCH 

JbEl 

CONl ROLLER 

InIERROPI  MAbK 

1 

¥ 


(ju  nivU 


iCuiNbOLii  uu'i  CALL  ALbnLbb 


bUBoLE : 


b liknl  ; 


EixUCK : 


(Jl  EialU 

buBY  EbU  10H 
t>tlNLbbl4  EbU  64lD 


iUUWbULE  li'^  CALL  AUbrtEbi) 

;UEHN£  faUEY  CHECK  BYTE 

iiMUMbErt  Uh  J-UEniUWE  UN  MINUK  LOOb 


bACEElEE  Ebu  iBb 


;bACE  EIEE  IN  BYTEE 


CALL  IN  IT 

j 

LHLD  bACENUN 

J 

XCHC 

J 

LAI  H^LDPCRCLU 

J 

NOC  A.»E 

} 

CNA 

i 

NUC  MjA 

IlMA  H 

J 

ElOC  A#U 

CNA 

» 

EiUV 

J 

INHIALIEE  IE  KbU 

LUAL  Ub  UEEIhEL  bACE  NUNBEK 

LOAD  Ub  COC.NANU 

Ii'j\/EhT  DATA  1*  UK  buEE 
OUibUl  LU  faYlE  UE  bACE 

iNVEnl  LAlA  r uK  bUEE 
uulbuT  hi  BYTE  CUNNMi'jLi 


1*1  V I 

c*  • 

JEEY  UP  PATH  YaACE 

Call 

CO  ' 

jOUYhUY  YaACE 

CALL 

bUEYChK 

jEEE  IE  Cony  ROLLER  DUNE 

LAI 

UabOE  E 

i 

NOV 

A^  N 

;EElCh  iNPUl  DATA  FOR  buEBLE  FIFO 

LAI 

bhbYl E 

iEET  UP  WRITE  CONNANU 

CNA 

i INVERT  DATA  E uR  BUEE 

NOV 

N>  A 

yWaIYE  data  BYYl  Yu  FIFO 

LAI 

BYY  ECnY 

;Ec.l  Up  BYTE  COUNl  InCRENENY 

INK 

N 

j INCRENEimT  BYTE  COUNl  ( I ND I RECY  ) 

NV  I 

A^ PA  CEE  I EE 

} 

CNP 

N 

i 

CE  h 

CUaY 

;IF  bYTEE  WRITTEN  = PAuE 

iEIEE*  WaITE  PACE 

RET 

yaeturn  having  written  data  Yu  eifu 

NVI 

C/  • 

jeet  up  path  trace 

CALL 

CO 

1 

CALL  bUEYChK 
LX  I h#  CUNY  CUN 
NVI  fiit  URbb 
CNA 

NUV  M^A 

CALL  bUEYCHK 
NVi  L*  'S  * 
CALL  C0‘ 


iEEE  IE  CUNYRULLEK  bUEY 

; 

; 

ili'iVEKY  LAY  A EUrt  bUEE 
JUUYbUl  bACE  UKIIE  CONN  AND  10 

; cunYkuller 
j CHECK  EUR  Dune 
} 

JUUlFUJ  TRACE 


LhLU  bACENUN 


;LuAD  AuuKEEE  uE  bACE  NONbtK 


LOCHK : 


INA  h 

bHLU  PAUiNUh 

ACHb 

LAI 

i'lUV  A/h 
ChP  \J 

CZ  LUCHK 
LAI  h>bYlLC»><'l 

M V I A ^ l6 
MuV  M>A 
LAI  U^PALitNuM 
LDAA  U 

LAI  H>LbPbnLLu 
Ct'iA 

Cl/ A 
Ii'iA  h 
IMA  U 
LiJAA  U 
GciA 

CiUV  Cl/ A 
h£T 

Cl VI  U/  '9  ' 

LhLL  GU 

Ciuv  A/L 
GCiP  t 
G£  ^LkuP G 

Ktl 


£LrtUPG:  CiVl  G/  'A  ' 
GALL  GO 


BtSl  AVAil',:.:  COPY 

; INGhtCiEMI  HAC-t  NUCibtP  INDIhECT 

zhEbTUKE  IiVChECiENI  EU  PAGE  NUCibEh 
/Pu'l  1inG/\ECiEi\TELi  page  iNUCifaEh  li'j  Li/E 
iCHEGK  FUk  EtVU  Of  C',£t.,Q^Y 
Jhl  bYTE  IMU  ACGOCi 

/CHECK  IF  HI  faYlE  OF  PAGE  NUCibEk  = 

;HI  bYTE  UF  CiIiNOh  LUUP  blEE 

ilF  HI  bYTEb  EGUAL/  CHECK  LU  bYTEb 

;luali  byte  count  location  into  the 

iH/L  KEGIbTEK 


KEbET  THE  BYTE  COUNT  TO  EEKU 

bET  UP  To  LUAU  PAGE  bELECT  KEGIbTEn 

LUAU  ACCUN  FnUCi  ADLiKEbb  Ii'i  U/E 

LuAU  H/L  V^ITH  LuAb  PAGE  kEGIbTEh  LO 

CuCiCiANb  AbOkEbS 

iNVEnl  bAT  A F Of\  bubb 

UUTPuT  LU  BYTE  To  PAGE  bELECT  kEG 

bET  UP  HI  bYTE  CUCiMANU 

INC^ECiEi^T  FUk  HI  bYTE 

LuAD  In  hi  byte 

INVENT  bATA  F Uk  bUbb 

uuTPuT  HI  bYTE  TU  PAGE  bELECT  «EG 


/OUTPUT  TkACE 


iCHECK  LU  tjYTEb 

/KEbET  PAGE  Tu  EEku 

/IF  AT  ENb  UF  bUbbLECLUuP  CiEciur.Y) 


/bET  UP  TkACE 


LKI 

h/l-AGENUCi 

/LuAb  H/L  UITrt  AuukEbb  uF  PA  Gc. 

Cl  VI 

A/UU 

/EEkU  ACCUCiULAiuk 

ciU  V 

Cl  / A 

/ EEhO  LU  BYTE/  PAGE  nuCioEk 

INK 

H 

/ INCHEClENT 

CiUV 

Cl/ A 

iEEkO  HI  bYTE 

NET 

> 

In  IT:  CiVI  C/'b' 

CALL  CU 

LbA  I FLAG 

♦ 


;bET  UP  TkACE 

/ 

iCHECK  IF  INITIALIEtb  ALkEAUY 
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1 


UP  I 1 
hL 


UALL  bUi)YChK 
hVI  A^PAutblZt 
LAI  H^LUPUbLhb 

UMA 

1*1 0 V M ^ A 

LAI  i'lINLPbli: 

l*iUV  Aj  u 

LAI  H^LLMliMbLLU 
UhA 

rl  U V 1*1  > A 

1*1  o V A > b 
liNA  H 
Ci'iA 

iSOV  1*1^  A 
l*i\/l  A^«LbLl 
LAI  H^UON'iCUPi 
CMA 

MOV  MjA 

MVI  A*  INITIAL 

UMA 

MOV  M>A 

LAI  h^IJ-LAU 

i'*i  V I A # 0 1 

MOV  MjA 

LAI  h^bYTLUNT 

MVI  A^bO 

MOV  M>A 

LAI  H^PAUtNOM 

MoV  M>A 

Ii'jA  H 

MOV  M^M 

kLT 

bUi>YUhK:MVI  Cj  *3  ' 

UALL  Uo 

MVI  U>bU3Y 
LAI  H^rtObTATOb 
MuV  A*i*i 
UMA 

LAI  ri^blATbV 
MOV  > A 


BEST.AVAiLa..:  Gpy 


ibbL  IJ-  bL'i 

SI?  i>El,  IE  INITIALIZED^  hEToKN 


LOAD  H/L  ^klTH  LOAD  PAUL  bIZE  hEG 
UOMMAND 

INVEKT  DATA  i-OK  bObb 

LOAD  PAGE  bIZE  INTO  PAGE  blZE  KEG 

Lu  bYTE^  MlNOK  LOOP  bIZE>  InIO  AUCOM 

Load  h/l  kiTh  load  minor  loop  bizE 

LOW  UOMMAND  ADbREbb 
invert  DATA  hOR  bObb 

PuT  minor  bIZE  LO  bYlE  IN  MlNOh  LoOP 
Loop  blZE  KEGIbTEK 
bET  UP  hi  bYTE 

INVtKT  UATA  rUR  bobb 

LuAD  MINOR  LOOP  bIZEj  HI  BYTE 

bET  OP  KEbET  COMMAND 

Load  h/l  WITH  Control  Command 

inverT  data  !•  OK  bobb 

act I vat  E REbET 

bET  OP  initialize  CIMMAnD 

invert  data  hUR  bobb 

activate  initialize 

Load  h/l  with  IFLAG  AoDKEbb 

bET  IFLAG  = 1 

LOAD  H/L  WITH  ADDKEbb  uF  BYTE  COUNT 
ZEKO  bTiE  Count 

LOAD  H/L  WITH  AL/DKEbb  oF  PAGE  NUMBER 
ZEru  LO  bYTE^  PAGE  NUMbEn 

ZERO  HI  BYT  E 


ibET  OP  bUbY  CHECK  BYTE 
;bET  OP  bTATOb  KEAO  ADDKEbb 
;rEAD  bTATOb 

J COMPLIMENT  ACCUMOLATOK  DUE  TO  K'EVEhbE 
iDATA  line  logic  LEVEL 


AtMl  HJh 

ihAbK  ALL  bUl  bUbY  bll 

Ohf  L 

i CHECK  hOH  bObY 

bU^YChK 

JLUOH  Ih  bbbY 

Ktll 

iELbE  HEluKW 

UKb  VhbLb 

jYAhlAbLE  bluHACE  AHEA 

UKbuhf*  ub 

k) 

iUnilE  bubf-En 

ihLAb  bb 

e 

J IMl  lALIEAl  Iui\  FLAC 

bYlbCiNl  bb 

b 

JbYlEb  LuhKENlLY  HEAb/ WHIT  TEN 

bW 

b 

il^fUMbEr^  uF  PALEb  CunKENlLY  KEAb  uK 
i Uh  I 'i  1 EH  • 

b'iATbY  bb 

0 

jCbhHEN’i  CUiMhOLLEn  blAlUb 

t.t\b  aCillHH 

s 
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bUbbLL  Ibbl 


4 IvJ  • • / ^ ' r 


i 


PkUbKAM-lMtKKUPl  CUNl  HULLED 


UHG  3fcfe)Uh  ;lhli>  Pku  tHAPi  j 1 Hhou  Lh  iNlEKHUPl  DHIV/EN 

;KuUllNEi>>  UHLILEb  IhE  PoU£K  Ui-  IhE  bUEbLE  CON- 
ilKULLEn  lU  UVEkCUHE  bUbbLE  ACCEbb  llhE*  CUN- 
ilkuL  PAbbEb  lU  IhE  uu'lEk  PkUtkAh  LEVEL  UUnINt 
ibubbLE  AGCEbbEb  1 U HElUnN  Ihib  'LUbl  ' llhE 
ilu  IhE  hAIiN  LINE  kuUllNE.  kkULRAN  ib  unLED 
iAl  bfeifcUhCbtsC  «AN)  lu  ALLOW  EAbY  NUU  I f I LAI  1 UN  . 


VnbLb  EUU  bhULh 
LAI  bh*3fblcih 


IVAkiHbLE  blUnAbE  ArvEA 

>biACK  hkuN  3Foih  IhhU  3J’b(3  iNLLUblVE 


1 kuE  EwU  Ui-i-h 
rALbE  Euu  U 
LDPLaLLu  EUU  kl 
LDhukGnI  e.uu  id 
LUNlCuN  Euu  0i< 
i\DbY  1 E EUU  kih  h 
WnbY'tE  EUU  k/ht 
nUblAIub  EUU  0 
hULNiLu  C.UU  uh 

hbLNlhl  EUU  Uh 
LUi’iINbLLu  Euu 

LuhlN:34hI  Euu 
huhubLu  EUU  0t> 

huhubhl  Euu  uf- 
LDPbbEnb  Euu  i) 
nUkONbYlE  t.UU 

kWblAUDK  EUU  0 


h f-  UH 

i 

; Load 

PALE  bELELl  nELlblEk^ 

Lu 

b Y1  E 

f hUh 

; LUAD 

PALE  bELECl  nELIblt.n> 

HI 

BYTE 

hi-kh 

j f\EAD 

LUNlkuL  LuNNANDb  hkUN 

DATA  bUbb 

r 3h 

S kEAu 

DAI  A bYlE  f-kUN  bUbbLE 

i-  Ah 

j Unlit 

; DAIA  bllE  lu  bUbbLE 

r }•  »•  bh 

; kEAu 

blAlUb  nEbIblEk 

i*  !■  bh 

i kt.AD/ Uk  1 1 c.  NUNbEk  uJ"  b rUn 

NuLl I -PALE 

iPAbt 

1 k An bhEkb>  Lu  dYIE 

»•  ► 7h 

; bANE 

tUk  Hi  bYlE 

u ^ r )•  bh 

; LuAD 

LuU  bYlE*  NiNUk  LUUP 

blEE 

; ( iNll IAL14A1 lUN  UNLY ) 

Idi‘hh9h 

; bANE 

t Un  H I bYl E 

► h Ah 

iPAbE 

PubllluN  LUUNlEkj  LUU 

bYlE.  UbED 

ilu  bhuW  LUkkENl  PALt.  A1  ikANbi-Ek  LAIE 

i IN  IhE  bUbbLE 
!•  h bh  i bAi’lt.  huk  hi  bY’lE 

H-hCh  ILUAD  PALE  bI4E  kELIblEk 

Bh^f-Uh  JnEAU  LUkkENl  kEDUNUENLY  NhP* 

; iNLkENENl  PUlNlEk 

rrhEh  ikEAD  hEUUNDENLY  NAP  ADDkEbb 


IN  II IAL  EUU  1 
hbP b Euu  k 
v.«Pb  Euu  A 
bbbPbNU  EUU  b 
NULPbPiU  Euu  1 0h 
lUblND  EUU  kbit 
NubEl  Euu  Mkih 


ilNIlIALIEE  IHE  tONlnULLEh 
ir^EAD  PAbE>blNbLE  t-Abt  NUDE 
iWkllE  PAbE>  bINbLE  PALc.  NuDt 
;bEi  biNbLE  Pale  nude 

;bEl  NULlI"PAbE  NUUE 
;bEl  lEb'l  NUUE 
IbuhlUAr^L  KEbEl 
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t u 


LuU  b(:)H 


l CuMhOLLth  IN  I £.K^U^'■1  hAbK 


MON n UK  too  ©bM 


00  bOO  ©UhH 

01  IlOO  ©l^h 
KI  too  ©Ibh 
ho  too  ©IbH 


lOOh  too  ©OAh 
MtKh'l  too  ©Obh 


ICUl 

too 

1 bh 

IMAbK 

LOO 

© 

tOlC 

too 

b©H 

bObY 

too 

1 ©H 

M iNLrb  1 L 

too 

hH  Otb 

iLt 

too 

tM  I U 
1 bO 


OAl  Hj IhOMO 
hOl  A^© 

MOV  M»A 


CALL  01 
MOV/  0«A 
OALL  OO 
MV  I b>  ©bbh 
OMh  b 


ibt'l  MON  n Oh  CALL  AbOhtbb 
iCoNbOLt  OO'l  CALL  AOUhtbb 
iCONbOLt  IN  CALL  Abbhtbb 
iKtAbth  IN  CALL  AbbKtbb 
JhONCH  OOlAO'i  CALL  Abbhtbb 

ilNlthhOh'l  COMiMANb  HOhl 
JiN'itKKOhl  MAbK  hohl 
JbtFlNt  INitAhOhl  INIlIALltAUUN 
JlNithhOhl  MAbK 

i tWb-Or  - IN  I tAhOh'i  command  i^ohb 
iuthlNt  bobit  OritCK  br'lt 


JNUMbth  oh  hobl'lIUNb  ON  MlNOK  LooH 
jhAOtblLt  In  bY'ltb 

i h t 'l  CH  I h LA  0 
ittho  AOCUMOLAiOh 
ittKU  hLAOl 


;bti  Oh  tCho 
itCho  ool 

iCoNbOLt  INhol  huM  OAh  n 
Jbtt  Ih  n INhoi  IMhLYiNt  htAb 


Jc  hAOtnb  j 1 h boj  OO  lo  nc.Ab  hoo’liNc.*  tLbt  tN'ic.K 

ibIMoLA'itb  ’OO'itn  LtVtL  ' hOh  ACCtbb  lo  iNl- 
jthnohl  bhlVtN  I^K  1 1 1 r^ouili'^t* 


Looh : 

LAI  h>bubbLL 

;btl  oh  LOOh  lo  UA I 1 huA  INI  6 bthOKL 

' 

; ALLOW  In  0 iNhOl 

bHLb  ohhVh 

IMOblhY  iNitnnohl  t VlCioa  In  mAM 

LAI  h^niNhl 

Jbtl  oh  iNltKhOhl  b VtClOK 

brlLU  bhhbM 

;Wr\Ilt  iNlO  hAM 

MV/ 1 Lt  ’L’ 

i 

CALL  CO  ■ 

Noh 

IN  oh 

NOh 

iOOihol  Looh  IhACt 

JMh  Looh 

iLoOh  hOKtVth*  Ini  t WILL  iHKt  Ob  lu 
jbobbLt*  hOrvtAb  ACCtbbtb  VIA  KLYboAnb 

boboLt : 

CmLL  bAVt 

IbAVt  main  hhOOhAM  blAlub 

NOh 
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NUh- 


LMtL 


LhLU  PAbt^U^l 
AChU 

La!  H«LU^bnViLO 

NuV  Hjt 

Ci*iA 

(•iU\«  hjA 
INA  h 
huV  A«U 
Ui'jA 

^l  u V/  t*i  > A 

hV i L>  ’•  • 

CALL  LU 
CALL  H 
LA  1 H j UKbur  !• 

^l  U V t'l  * H 
NOV  L«H 
CALL  Go 


CALL  bUbYLHK 
LA  I L*  V.hfcUf'F 
LbAA  U 

La  1 HjWnbYlc. 
LNA 

NOV  NjA 

LA  I H^bYlbCN'l 

IN(\  N 

NVI  A^PAObblLL 
ONP  N 
OL  Pbl^Kl 

NVI  Oj  'b  ' 

CALL  00  ■ 

IV  OP 


; IiVl  i lALlbfc.  I H -^Ob 


iLOAb  UP  bEbIKtb  PALE 

J 

JLoAb  OP  OONNNb 

jllWnhi  huh  bAl  A bObb 
iouYPOl  Lo  bYIE  UH  PALE 
i livOnENEivI  OoNNAivb 

J 

i bMNc. 

iuoifoY  rt I bilE  Out‘i(*iAivb 


iOOiAOl  IKAOE 
i IivrOl  bH  i A t-noi'i  OOiVbuLE 
jbEl  OP  b 1 UAL 

iblUAL  llN»-Ol  bAl  A llN  bUH'EA 
J bL 1 OP  lOHO 
iEOho  liv^ui 


j bLE  11*  OOivIaoLLEa  bONL 
i 

iNoVL  IWPOi  bA  I A bAOK  liv  lu  AOOONuLA  lOh 

ibLl  UP  WaI’IE  OONNAivb 
;ltvVEhl  rUA  bAlA  bUbb 
;UAnE  bAl  A bYlL  10  hli-O 
ibEl  UP  bYiE  OUONI  InOaENEM 
1 IivOKENLNI  bYlE  COOlvl  ( livb  1 KEO 1 ) 

; 

i 

Jlr  bYlci  l^AlllEN  = PACE 
jbiEE>  t^AllE  PACE 
i 

j IKAOE  h oK  KEl  UKiv  J-auI*!  PACE  I^aIIE 


1 


BEST  AVa1l;..v£  COPY 


klI 

jKEluHM  hnuM  IlvlEhKUPl 

P CKKl : 

MCI  C*  ’A* 

i 

CALL  Cu‘ 

MUP 

NUP 

NUP 

;uulpul  IKACE 

CALL  bUCYCHK 

; 

LX  I h^CuMlCUM 

i 

MCI  A^lMlMbK 

iUivMAbK  CUmIkULLEk  IivlEKKUPl  lU  ALLuL 

CM  A 

;lNCEKl  huh  bAlA  bubb 

MUC  M^A 

J-lMlEKhbPlb  10  bE  UUlPUl  lu  CPC 

MCI  A>  UkP  C 

} 

CMrt 

> IivVEhl  i*  UK  bAlA  bubb 

M U V ^l  j A 

iPACE  I^KI1E  CUMt'iAMb  lo  CumIHULLEk 

HEl 

JKEIuKn  lu  UUlEK  LtVEL  PkuCKAi'i  UHILt 
iCUMlKULLEH  UunKb* 

K iMKl : 

call  bAVE 

ibAV/E  MAIN  PhUCHAM  blAlUb  uN  bECUNb 
iLNlKYj  WHILE  CuMkLEIINC  bUboLE  CYCLE* 

EWbCK : 

MVI  C#  ’b  ’ 

ibEi  UP  & UUlPul  IkACE 

CAUL  CU 
NUh 
I'^uh 
iNiUh 

CALL  bUisYCHK 
hVI 

LXl  h^CUNlCUh 
C(*iA 

i»iUV  h>A 
LMLb  E^MLLrtUM 
iiNX  h 

bMLU  PACLiNUM 
LAl  M/PACcWUh 
h 0 V tLji'l 
L 

t'l  U V b # t»i 

LAI  h#(«ilNLPbIL 
PiUV  AiH 
CMP  b 

C4  LUChK 

LA  I hjfaY  ihCwl 


ALMbuKh,  Cut'll hULLLh  bUN£ 
jL£Ku  ACCUMULAlUK 
i 

;lNVLrtl  i*U«  bA'iA  bubb 

jAbbbl  IWibAKbPl  MAbK 

;LuAb  AbbKbbb  Ui-  PACb  MUMbbK 

j ItMCKLMtMl  PACE  i^UMbEK 

>KEblUKE  IlNCKLMENlEb  PACE  MUMbEh 

i 

iPul  hi  bYlE  Ui'  PACE  MUMbEh  ICM  KtC  t 
; IMChEMEiM  l AbbnEbb 
iLU  bYlE  Ii\  U 

HI  bY'lE  IlMlu  ACCUPi 

CHECK  ► UK  HI  bYlE  UH  PACE  wut'ibEK  = Hi 
bYlE  UJ-  MiWUH  LUOP  CIlE 
Ih  HI  bYlEb  ECUALj  CHECK  Lu  bY'iEb 
LuAb  bYlL  CuuMl  CIukACE  LUCAlIOtv  Ii^lu 
dht  H/L 


MV  I 
MU  V 
LA  I 


(\tfd 
M«  A 

b«  PA  CEMUM 


KEEEl  IkE  bYlE  CUUMI  lu  LEKu 

btl  UP  lu  LuAb  PACE  bELECl  hEClblEH 
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luCHK: 


4iLAUKb: 


1 IH 1 1 : 


LLiMA  b 

iLUAb  AbbUi*!  hAut*!  AbbAEbb  IN  b/E 

LAl  h^Lb^'Uhbbu 

ibuAb  h/L  unh  LuAb  PALE  hEblilEK  LU 
jbUPiMAlNb  AbbKE^b 

bhA 

iliNVEhl  huh  bA'lA 

t>iUV  t'l^A 

iUUlPUl  PALE  10  PAbE  bELEbl  KEGIislLK 
iCLU  BYTE) 

INA  h 

; 

Ii\A  U 

illNbAEMENl  J-UK  HI  bYIE 

LbAA  b 

JLuAb  liN  hi  bYlE 

CfiA 

iliNVEhl  i-UA  bA'iA  bUbb 

f'lUV/  M*A 

;uulPUI  PAbE  lu  PAbE  bELEbI  KEblblEh 
J(hl  bYlE) 

UALL  hEb'lunlL 

iAtblUAE  i*.AIlN  PhUbAAPi  blAlUb 

aE  1 

i 

C»  ’9' 

} 

CALL  bu ' 

NUK 

IMUA 

IN  UP 

ibUlPul  lAAbE 

hOV  A^L 

> 

bhP  E 

iCHEbK  Lu  bYiEb 

bE  EEauP  b 

iAEbEI  AAbE  lu  EEaU 
i I >•  A'l  EiNb  u^  bUobLt<LOuP  l*iEhUhY) 

aEI 

J 

1*1  V I L*  ' A ' 

> 

bHLb  bu ' 

NuP 

IN  UP 

NUP 

iUUlPUl  lAAbt 

LA  I h^PAbElNUh 

iLuAb  M/L  AbbAEbb  Oh  PAbE  NUPibEh 

1*1  VI  A^kSkJ 

iEEAU  ACbuMULAloA 

i*iuV  PuA 

JEEAU  Ml  faYlEj  PAbE  iNUiNbEK 

llNA  M 

J llNbAElNtlNl 

i*i  U V f'l  j A 

;eEau  lu  bYIE 

KEl 

iAE'iUAiN  lu  LuuP  I'iEiNUaY 

^VI  b#  'ki  ' 

j 

bALL  bu 

IN  UP 

IN  UP 

iNUP 

;uuipui  lAAbE 

LbA  IrLAb 

ibEE  li*  iNEEb  lu  liNllIALlEE 

bPi  1 

ibEE  li-  bEl 

aE 

i 1 h iNlllALlEEb  ALHEAbYj  KElUAiN 
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bAVh.: 


1 ut\t.  :huH 
Auh 
PuA 
huA 
nc.! 


b 

U 

h 


bUbY  ChK 1 Cj  ' s 
CALL  CO 


BESim" 


CALL 

I bubYChK 

i 

• 1 

I*!  V I 

A> HACLbILL 

i 

LAI 

LOK  ObAKO 

i LuAO 

h/L  LIlH  LuAb  KACE  biLE  KEClb- 

i 'l  th 

CuhhANb 

CNA 

i iNeEn'i  f-uK  LAIA  bubb 

^^lUC 

hj  A 

;luao 

PACE  blEE  iN'iU  KAbE  blEE  KEb 

LAI 

b#hlNLKbIL 

> 

huV 

A«C 

ihoet 

hlNuK  LUUi^  blEE  LU  BYTE  lu  ACCuh 

LAI 

H«  Lbh Ihb^LU 

;lual 

H/L  WI'IH  LUAb  hiNuK  LUUH  blEE  Lu 

iCUhhANb  AbbKLbb 

ChA 

jlNetKl  huK  bAlA  bUbb 

t»iU  V 

h«  A 

; LUAu 

hiNUK  LUUH  blEc.  Lu  bY'iE  INIU 

;hIIeuA  LuuK  biLL  ALCIblbh 

(*IUC 

A^  b 

i be'i 

UH  rtl  BYTE 

INa 

H 

i 

Ci*iH 

ilNeLK'i  huh  bAlA  bUbb 

t'lU  V 

hj  H 

; LuAb 

hlNuK  LUUH  blEE>  HI  oYlE 

I'iCI 

hj  At.bb’1 

ib£i 

UH  KEbtl  CuhhANb 

La  I 

h«  Cun  1 cuh 

; LuAb 

h/L  Lllh  CUNiKUL  CUhhANb 

Cf'iA 

ilNeLK'l  !■  UK  bAl  A bUbb 

i'lU  V 

h>  A 

jAClieM'iL  KCbtl 

KVI 

A*  INI i lAL 

; bc.Y 

UH  InIIIALI^c.  ClhhANb 

CNA 

ilNeLhi  huh  bAlA  bubb 

hue 

h#  A 

iACileAlL  INIJIALILL 

LAI 

h j I h LA  b 

; LUAb 

h/L  wl'ih  IrLAb  AbbnEbb 

he  I 

A^Ol 

i 

hue 

h<  A 

; bL'l 

IhLAb  = 1 

LAI 

bYlLCNi 

; LOAb 

h/L  WITH  AbbKEbb  UE-  BYTE  CUUNl 

he  I 

A^tJfc) 

s 

hue 

h*  A 

i llku 

bYYc.  CuunY 

LA  I 

h^PAbLNUh 

;LOAb 

h/L  Ivllh  AbCKLbb  Ur  hA  CE  NUhbEK 

hue 

hj  A 

; ^LKu 

Lu  bY'iE*  hAbt  NUhbEK 

IhA 

h 

s 

hue 

h * A 

i AtKu 

Ml  bYlE 

KLl 

i 

KUbh 

1 M 

; bAeb 

h/L 

KubH 

1 0 

JbAet 

b/E 

KUbh 

I B 

ibACE 

b/C 

KUbH 

1 Ki>\^ 

JbAVE 

ACCuhULAIuK  ANb  biA'iub  hLAbb 

kL  1 

jKLb'lOKL  ACCOCiULAl  UK  ANU  blAlUb  hLAO^ 
i r\k.i>'i\jt\t.  b/C 
inLblorvL  U/L 
infc.blO«t.  M/L 
; 
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CiVI 

LAI  H^KL/blAlub 

Nuv  Aj^i 

Lt'iA 

Ai'4  1 1 IdH 

CNh  C 

JL  bUbVCHK 
Ktl 


ibLl  Ub  bUbY  CHECK  bY'lE 
;bE'i  UH  blAlUb  nLAU  AUDHEbb 
;heal  blAlUb 

iCuHHLlHENl  LAl  A lu  ACCuUi^l  hUh 
JHEVEMbE  cubic  LAIA  LINEb 

;HAbK  ALL  bUl  bUbY  bll 
j CHECK  (■  UK  bUbY 
iLUUH  !»•  bObY 
ICLbE  nElUKN 


H ACEHU;  Hbl  C#  ’«.  * 

CALL  CU 
Call  iwii 

HbnU:  CALL  bu:>YCHK 

LAI  H»CUKlCUN 
H\/I  AjKUPC 
CHA 
f-iUb 


CALL  bUbYCHK 


iUUlHul  IKACE 
;IM1IALIEE  If-  HUb 


iliMVEKl  huh  UAiA  bubb 

iUUlHUl  mEAU  HAbE  CUHMAiNU.  A HA  bE  Uh 
j bUbbLc.  LAIA  IaiILL  iNUl^  bE  hEAU  IinIu  IHE 
JhlhO  UHUEh  CuMhUL  Uh  IHE  CUNiKuLLEK 
; KAII  1 ILL  UUi'tE 


bYltrtU:  LAI  H^nUbYlE 
Hub  A*H 
CHA 

AUI  bbH 
Hub  C*A 
CALL  CU 


il/\AHbhEh  IN  A bY  1 £ hKuM  IHE  hlhu 
ilHVEAl  iNCUHiHb  UAIA 
iMbCII  EibCUUE  huh  UibHLAY 
ilKAHbfEA  lu  C huh  uuIHUl 
JUUIHUI  CHAKACIEa 


LAI  H^bYIECHl 
INK  M 

Hbl  A#HAbEbIiE 
CHH  H 

JNE  bYIEAU 
CALL  e.NUCK 
JHH  HbAb 


;IHCEHENI  BYTE  CuUimIEK 

J 

; CHECK  lu  bEE  Ih  ALL  Gh  hlhu  IhAHb- 
; h fcAAEU 

Ilh  t\Ul  DUHE^  LUUH 

ilh  UONEf  IiNCKEHENl  ANU  ^EhU 

iLUuH  UNTIL  ENUCK  CAUbtb  HALT 


Uhb  VhbLb 


iVAhlAbLE  bTUhAbE  AhEA 


whbUhF  Ub 
IhLAb  Ub 
bYlbCHT  Ub 
HAbENUH  Ul^ 


0 ; WHITE  faUhh Eh 

0 i INI  r lALIEAIIuiM  hLAb 

0 ioYTEb  CUhAtNlLY  htAU/WAlITEN 

0 ;NUHbEh  uh  HAbEb  CUHaEnTLY  aEAU  Uh 

i Wa  1 1 1 EN • 


ENU  b000H 


TABLE  IV 

DISCRETE  PARAMETERS 


5 I M 

X D I R 

5 e K 

e ^ e • 

< I 


IH  r 
O 

o *•/ 


OOD^idle  cutoff 
# • » 

lll-.full  A/B 


Sa(^  Same 
as  as 
flaps  flaps 


lb  BIT  DISCRETE  PARAMETER  1 


G 

E 

'P-  o 


QQ^Elaps  up 
01=  1/3 
10'2/3 
ll'Full 


Pilot  inputs 

EXAMPLE:  DP$1  i OOOOllODDOllllll = 0C3Fh  is  a current  pilot 
input  of  geardown-i  full  flaps  and  slatesi  hook  downi  no 
speed-!  brake-!  intermediate  throttle-i  with  the  pilots 
mike  keyed* 


DP$2 


H SPEED  1-E- FT  WG-lfT  LEFTRlDItr 

■ 0 G fcA  K ^ 

Z 0 BR/KE^tAt  Si.  AT  PLA?  PW  AP 


OO^closed  p 
01  : ? 

10  • ^ 

11-full  open 


I same  00=up  OOO^all  up 

0 up  001’  right  down 

1 down  11-vfull  OlO’nose  down 

^ 100= left  down 

111  = al 1 down 


00=  up 
01*1/3 
10*2/3 
ll'Full 


EXAMPLE*.  DP$2  - 0001111010000011  = lEa3h  is  a current 
aircraft  state  in  which  the  engine  nozzle  is  full  closedi 
hook  is  up-!  speed  brake  is  fully  extended-!  the  left  slat 
is  full  down-!  the  right  slat  is  1/3  down-!  all  gear  indi- 
cate up-!  the  left  flap  is  full  upi  and  the  right  flap  is 
full  down* 


I 


SINGLE  PAGE  READ  OR  iJRITE 


FIGURE  lb 
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TABLE  V 

DATA  RECORDER  MEMORY  MAP 

NOTE:  Includes  ICOM  PROM  programmer  board  with  resident  monitor,  and 
controller  memory  us^ge. 


0000-06AE 

EPROM  system  80/20-4  monitor 

(chips  0,1) 

06AF-07FF 

Remaining  usable  EPROM 

(chip  1) 

0800-0BFF 

Usable  EPROM 

(chip  2) 

OCOO-OFFF 

Usable  EPROM 

(chip  3) 

1000-lFFF  Not  Implemented;  may  be  utilized  to  double  low  EPROM 
memory  by  switching  to  Intel  2716  (210(8)  EPROMS  In 
the  first  four  sockets  with  appropriate  adjustments 
(Reference  [3],  pp.  2-15). 

2000-2FFF  Not  Implemented 

3000-3CTF  User  RAM 

3C20-3015  User  RAM:  also  used  by  ICOM  PROM  programmer  monitor 
when  control  passed  to  programmer. 

3D16-3F80  User  RAM.  Stack  must  start  at  3F80  (push  down). 


3F81-3FFF  SBC  80/20-4  monitor  reserved  RAM. 

4000-BFFF  Not  Implemented 

COOO-DBFF  7K  BYTES  of  EPROM  (2708)  memory  on  ICOM  PROM  programner 


board,  available  for  program  use. 


H.I  • 


Programmer  Monitor.  If  this  last  IK  Is  needed,  the 
programmer  monitor  may  be  removed  and  another  EPROM 
put  In  Its  place. 

Not  Implemented. 

Bubble  controller  mapped  In  this  area. 

Not  Implemented. 

I 


Li 
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TABLE  VI 


0000-0023 

0024-0031 

0032-0063 

0064-2FFF 

3000-5FFF 

6000-F6BF 

FGC0-F7FF 

F800-FFFF 


the  ICE  80 


MDS  MEMORY  MAP  UNDER  ICE/80 

ISIS  interrupts  (0-2)  ICE80  interrupts 
ICE80  interrupt  (3) 

User  interrupts  (4-7) 

ISIS  resident  area 
Ice  80  resident  area 

User  RAM.  Note:  User  symbol  table  in  the  top  of 
user  RAM 

318  locations  for  ICE  80  variables 
MDS  monitor  (64K  contiguous  R.4M) 

Based  on  this  map,  the  only  MDS  memory  available  to 
Form  Memory  Commands  are  blocks  6-E  inclusive  (36K). 
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APPENDIX  C 
CONSTRUCTION  NOTES 

A.  GENERAL 

Pertinent  construction  details  not  found  In  listed  references 
follow.  Wiring  diagrams  for  all  cabling  and  special  circuitry  are 
Included.  Component  placement  on  the  prototype  board  is  indicated. 
Specific  hardware  related  problems  unsolved  at  this  time  are  reviewed. 

B.  MICROCOMPUTER 

The  system  80/20  was  utilized  essentially  as  shipped.  The  following 
changes  were  incorporated  to  facilitate  MBM  module  interface. 

1 . Fail  Safe  Timer 

The  Fail  Safe  Timer  input  to  the  Ready  Circuit  was  disabled  by 
removal  of  the  jumper  between  taps  137-138.  The  function  of  the  Fail 
Safe  Timer  is  to  supply,  in  default,  the  acknowledgement  signal  when 
an  off  board  memory  access  is  made,  to  prevent  CPU  hang-ups  due  to  soft- 
ware error.  The  timer  will  furnish  this  signal,  if  no  other  device 
does,  after  10ms  of  wait  time.  The  controller  utilizes  its  ready  out- 
put to  control  this  circuit.  The  ready  signal  is  output  high  to  the 
interface  board,  to  a 4.7K  pull  up  resistor  tied  to  ±5V.  This  is  then 
inverted  and  tied  to  the  Transfer  In  (SBC  Pl/23)  line  to  the  master  bus 
controller,  furnishing  a continuous  acknowledge  signal.  If  the  con- 
troller requires  additional  time,  it  pulls  its  ready  line  low,  which  in 
turn  pulls  the  CPU  ready  line  low.  This  is  repeated  as  often  as  required. 


; 
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Removal  of  jumper  137-138  is'not  required  for  system  operation  after  the 
test  phase,  and  should  be  re-installed  to  return  full  capability  to  the 
SBC. 

2.  EIA  Interface 

Pins  eight  and  ten  of  SBC  plug  J 3 were  jumper  shorted  on  the 
SBC  card  back  to  provide  EIA  Clear  To  Send  to  the  Terminal  output 
(Reference  [3],  pp.  2-20), 

3.  Interrupt  Implementation 

Taps  31  and  36-39  were  jumped  together  to  allow  use  of  inter- 
rupts, without  utilizing  all  of  interrupt  seven's  inputs.  This  is  des- 
cribed in  Reference  [1],  pages  2-16.  Additionally,  interrupts  five  and 
six  were  implemented  by  jumping  taps  21  to  48,  and  30  to  49  respectively. 

4.  Master  Bus 

Once  the  system  80/20  mother  board,  05/15  was  jumpered  to  04/15 
to  provide  an  interface  board  ground  to  "lock"  the  SBC  onto  the  bus  as  bus 
master  whenever  the  interface  board  is  inserted.  This  supplies  a ground 
to  the  SBC  Bus  Priority  In  (BPRN/)  signal  and  saves  bus  access  time  every 
time  the  controller  is  accessed.  This  same  gain  may  be  realized  by  out- 
putting  the  Bus  Overide  signal  to  the  Master  Bus  Controller  via  Software 
(Reference  [10],  pp.  4-7:  "Multibus  Overide"). 

5.  System  Reset 

Reset  was  jumped  from  05A/38  to  04A/38  to  provide  System  Reset 
to  the  interface  board  and  magnetic  bubble  module. 

C.  CONTROLLER  BOARD 

Controller  board  implementation  is  as  described  in  Chapter  II  and 
Reference  7,  except  as  indicated  below. 
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1 . Interrupt 

The  low  level  interrupt  from  the  controller  is  not  carried  across 
the  board  to  the  master  bus.  This  should  be  wired  across  to  interrupt  5/. 

2.  Counters 

U9  and  U5  are  SN74LS163A  and  need  to  be  replaced  with  SN74S163A. 
The  lower  power  Schottky  version  of  these  counters  was  not  sufficiently 
fast  and  must  be  replaced  with  the  straight  Schottky  version.  TI  indi- 
cated it  will  supply  these  in  the  near  future. 

3.  ROMS 

U1  and  LI2  may  need  to  be  replaced.  Validation  of  ROM  contents 
to  ensure  they  agree  with  Section  II  must  be  accomplished.  Validation  of 
Ull,  the  redundancy  mask  might  also  be  checked. 

4.  Addressing 

Address  Lines  listed  on  Reference  7 are  implemented  differently. 
Table  VII  indicates  the  correspondence. 

5.  Wiring 

Jumper  Pad  14  is  connected  to  Pad  15.  This  is  omitted  on  the 
schematic  (Reference  [7]). 

6.  Power  Failure 

The  power  failure  circuitry  is  not  connected  between  the  system 
80/20  and  the  controller  input. 

D.  MBM  BOARD 

Magnetic  Bubble  Memory  Board  implementation  is  as  listed  in  Reference 
[8]  with  the  following  exceptions: 
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1 . Capacitors 

C1-C12  are  incorrect.  This  was  discovered  quite  late  in  the  re- 
search. The  incorrect  milspec  part  was  supplied.  The  current  capacitors 
are  much  too  small.  The  correct  part  number  is  M39014/01-1473.  These 
parts  have  been  ordered. 

2.  Diodes 

The  Schottky  diodes  were  unavailable  in  the  part  number  indicated. 
A higher  voltage  rating  unit  was  substituted. 

£.  INPUT/OUTPUT 

A Texas  Instruments  Silent  700  model  745  was  obtained  for  a field 
test  terminal.  As  shipped  it  is  not  configured  for  this  purpose  and  was 
modified  to  interface  to  the  SBC.  Internal  jumpers  were  removed  to  dis- 
able the  acoustic  coupler  inputs  for  TX  Data,  RX  Data,  and  Data  Carrier 
Detect.  This  is  required  to  prevent  external  noise  input  during  operation. 
An  interface  cable  was  then  constructed  to  operate  the  unit. 

This  cable  is  equally  compatible  with  the  Intel  MDS  800  to  allow  for 
maximum  peripheral  interchangability  during  development.  Operation  of 
the  MDS  with  the  Silent  700  is  implemented  at  300  BAUD.  The  Monitor 
Module  has  been  modified  to  allow  switch  selection  of  300  or  2400  Baud 
rate  for  the  CRT  interface,  as  the  silent  700  printer  is  an  EIA  CRT  inter- 
face. For  300  BAUD,  switch  one  is  on,  with  the  other  four  off.  Similarly 
for  2400  BAUD,  switch  five  must  be  on  alone. 

Operation  of  the  SBC  with  the  Silent  700  is  slightly  different  in 
that  the  keyboard  is  not  implemented  for  lower  case  ASCII  letters.  As 
such,  for  automatic  BAUD  rate  selection  after  SBC  reset,  the  shift  key 
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is  not  utilized  to  obtain  an  upper  case  "V".  Simply  depress  the  "V" 
key  six  times  to  receive  the  monitor  sign  on  message. 


Operation  of  the  terminal  thrugh  the  usual  acoustic  coupler  is  still 
possible,  as  a jumper  plug  was  fabricated.  Installed  in  Jl,  in  place  of 
the  interface  cable,  it  restores  the  Silent  700  to  original  configuration. 

The  jumper  is  constructed  by  shorting  Pl/11  to  Pl/2,  Pl/12  to  Pl/8,  and 
Pl/13  to  Pl/3. 

F.  EXTERNAL  SUPPLY 

Reference  [6]  indicates  the  MBM  board  will  operate  on  ±5  VDC  and  ±12 
VDC.  This  was  a major  factor  in  the  decision  to  undertake  MBM  research 
in  connection  with  the  construction  of  the  data  recorder,  as  the  SBC 
power  bus  provides  only  these  voltages.  In  fact,  an  additional  voltage 
of  +17  VDC  is  required.  TI  indicates  this  will  be  designed  out  in  future 
board  designs.  For  now  this  requires  an  external  supply. 

Analysis  of  the  SBC  power  supply  indicates  it  might  be  possible  to 
tap  the  unregulated  output  of  the  +1B  VDC  winding  and  construct  a regu- 
lated +17  VDC  supply  within  the  System  80/20  frame.  Schematics  were 
obtained  but  this  has  not  yet  been  carried  out. 

i 

1 


87 


TABLE  VII 


ADDRESS  LINE  CORRESPONDENCE 


SCHEnATIC 

PIN  NO. 

MASTER  BUS 

ADDRESS 

LINE 

pa 

ADDRESS 

m 

ai 

□ 

13 

a3 

1 

la 

as 

a 

ii 

a? 

3 

a 

10 

4 

1 

a 

5 

□ 

L 

b 

la 

T 

7 

11 

a 

5 

13 

7 

7 

A 

L 

a 

B 

s 

3 

C 

4 

S 

D 

3 

15 

E and  F 
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TH3Lt:  Vlix 


IHlZiifkQZ  boa:<d  SCHEHATIC 


PI 


J.-.S 

7 


13 

15 

n 

ao 

33 

73 

7^ 

71 

7a 

70 

b7 

ba 

57 

5a 

55 

5b 

53 


(BLACK) 


4- 

+5  VDC 

(RED) 

-hiavDC 

(WHITE) 

-5VDC 

(GREEN) 

BCLK/ 

(BLUE) 

BPRN/ 

(BLACK) 

riRDC/ 

(WHITE) 

5 p,b 

nwRC/ 

(BLUE) 

iJAlT/ 

(BROWN) ^ 

9.7k|“ 

DATO/ 

(VIOLET) 

DATl/ 

(GREY) 

DAia/ 

(ORANGE) 

DAT3/ 

(YELLOW) 

DATM/ 

(RED) 

BAT5/ 

(GREEN) 

DATb/ 

(BLUE) 

I>AT7/ 

(BROWN) 

ADRO/  1 

(SEP) 

ADRO 

ADRl/ 

3r\‘*.  (BROWN)  ADRl 

ADRa/ 

(WHITE) 

iir-40  ADRa 

ADR3/ 

(ORANGE) 

13r\i2ADR3 

ADRM/ 

g ^b 

(VIOLET) 

■ 

ADRM 

pa 

iia 

3-.5 

7 

13 

an 

aa 

31 

5b 

bO 

b4 

ba 

7a 

7b 

ao 

70 

Ma 

^b 

50 

5^ 

ao 
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T.aULL  IX 


CONTROLLEi</au&QLL  CAGE  SaCKPLANE 


nan  soAt^D 

FUNCTION 

CONTROLLER  BOARD 

INTERFACE  30a 

PLUG  PI 

PLUG  PI 

PLUG  P2 

PIN- 

PIN- 

PIN- 

GROUND 

1 

1 

+ 5 V 

21 

S 

+1E  VDC 

3 

4 

CiniN, 

+12  VDC 

i 

4 

MiDiP 

+17  VDC 

D 

EXTERNAL  SUPPLY 

5 

DAT  OUT 

5 

L 

XOUT/ 

b 

7-a 

UNUSED 

— 

— 

T 

ANN/ 

10 

UNUSED 

— 

— 

14-lS 

UNUSED 

— 

lb 

CYA/ 

lb 

17 

XIN/ 

14 

la 

CXB/ 

17 

n 

CLAPIP/ 

11 

20 

STROBE/ 

13 

2EiZ 

-5  VDC 

22 

2&3 

E 

BDEN/ 

1 

F-J 

UNUSED 

— 

— - 

K 

REP/ 

K 

L 

UNUSED 

— 

R 

UNUSED 

— 

— 

5 

CYB/ 

S 

T 

GEN/ 

12 

U 

CXA/ 

T 

V-X 

UNUSED 

— — — 
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TACLE  X 

CABLE-INTlWFAC:.  BO.iHD  to  CONTrJOLLEK 


INTE.<F.\CE  BOAKD 
PLLG  P-a/CA8L£ 
iiOCKtT  J£-A 


CONTROLLER  PLUG 
P2  CABLE  SOCKET 
ja-B 


PIN  • 

FUNCTION 

COLOR 

PIN 

A-i 

SIGNAL  GROUND 

BROWN 

i 

A-a 

ADDRESS  (B) 

RED 

a 

A-3 

ADDRESS  (C) 

orange 

3 

A-M 

BOARD  SELECT(A) 

YELLOW 

4 

A-S 

ADDRESS  (D) 

GREEN 

S 

A-b 

ADDRESS(b) 

BLUE 

b 

A-7 

ADDRESS( A) 

VIOLET 

7 

A-a 

ADDRESS(S) 

GREY 

a 

A-T 

ADDRESS(7) 

WHITE 

T 

A-IQ 

ADDRESS(4) 

BLACK 

iO 

A-il 

ADDRESS(a) 

BROWN 

ii 

A-ia 

DBIN 

RED 

la 

A-13 

ADDR£SS(1) 

ORANGE 

13 

A-J.4 

NEMEN 

YELLOW 

14 

A-J.3 

ADDRESS(E) 

GREEN 

IS 

A-lb 

BOARD  SELECT(C) 

BLUE 

lb 

A-i? 

HARDWARE  RESET 

VIOLET 

17 

A-ia 

board  SEL£CT(B) 

GREY 

la 

A-iT 

POWER  BAD 

WHITE 

n 

A-aa 

BLACK 

an 

A-ai 

ADDRESS(Q) 

BROWN 

ai 

A-aa 

RED 

aa 

A-a3 

ADDRESS(l) 

ORANGE 

23 

A-a4 

YELLOW 

24 

A-as 

ADDRESS(a) 

GREEN 

as 
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PIN» 

FUNCTION 

COLOR 

PIN* 

A-ab 

BLUE 

aw 

A-a? 

ADDRESS(3) 

VIOLET 

a? 

A-aa 

DATA(O) 

GREY 

aa 

A-d=J 

CLOCK  ((pa) 

WHITE 

5=5 

A-30 

DATA(l) 

BLACK 

30 

A-31 

READY  TO 
niCROPROCESSOR 

SROuiN 

31 

A-3a 

DATA(a) 

RED 

35 

A-33 

ORANGE 

33 

A-34 

DATA(3) 

YELLOW 

34 

A-3S 

DaTA(7) 

GREEN 

3S 

A-3b 

DaTA(4) 

BLUE 

3W 

A-37 

VIOLET 

37 

A-3a 

DaTA(S) 

GREY 

3a 

A-3‘1 

INTERRUPT  TO  CPU 

WHITE 

3T 

A-4G 

DATA(b) 

BLACK 

40 

CONNECTIONS  FROH  ja-A/B 


1 

CD 

GROUND 

CO 

1 

ru 

♦ SVDC 

GO 

1 

UJ 

VSVDC 

B-4 

•ViaVDC 

B-S 

-SVDC 

— 

UNUSED 

EXTERHAL 

SUPPLY 

+ 17V 

TO  CARDCAGE  BACK  PLANE 

nBn  BOARD 
PIN  • 


BLACK  1 

RED  55 

RED  55 

WHITE  15 

GREEN  a 

BLUE 

BROUN(PURPL£)  4 


NOTE:  ja-A  IS  A lOQ  PIN  EDGE  CARD  CONNECTION 
ja-^B  IS  A 40  PIN  A-D  PRODUCTS  CONNECTOR. 
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